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H E S U M E 
Sodium nitroprusside forms complexes with monovalent silver, 
divalent cobalt* nickel, cadmium, zinc, copper, manganese, iron 
and mercury and trivalent titanium, yttrium, lanthanum, cerium, 
praseodymium neodymium, samarium, gadolinium and dysprosium. These 
complexes do not find mention in the existing chemical literature. 
The interaction of sodium nitroprusside with these metal ions was 
investigated with the help of direct and reverse conductometric, 
thermometric and in some cases direct potentiometric titrations. 
The complexes were isolated as precipitates from aqueous solutions 
or as crystals from solutions in methanol and analysed. The 
following formulae were established* 
in the dried state 
MfPeCCl^ NO], aig^ 
where M = Co, Ni, Za . Mn 
and Fe. 
M|Fe(CN)5 NOJ . 
where M = Cd & Cu. 
Ti[Fe(CN)5 N0| .CI . 
AggpeCCN)^ NOj.SHgO 
Hg[Fe(CN)5 NOJ . 2HgO 
V0[Fe(CN)5 NO J . 2CH3OH 
M^e(CN)5 NO) . CI . 2CH3OH. 
where M stands for Y, La 
Ce, P r , Nd, Sm, Gd and Dy. 
i n aqueous medium 
NaAgJFe(CN)g NO] x HgO 
Agg L^e(CN)g NO] X HgO 
Hg [Pe(CN)5 NO] x HgO 
VO [Fe(CN)5 NO) X HgO 
M [Fe(CN)g NO)CI X HgO 
where M = Y, L a , Ce, P r , 
Nd, Sm, Gd, & Dy. 
M2[Fe(CN)5 N0J3. x HgO 
vdiere M* stands for 
L a , Ce, & P r . 
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0 - Phenanthroline forms l i ^ t s t a t e coloured and yellowish 
white complexes with vanadyl siiLphate and t i t an ium ( I I I ) chloride 
respecti>rely, \diich f ind l i t t l e mention i n the present chemical 
l i t e r a t u r e . The i n t e r a c t i o n of o - Phenanthroline with t i t an ium(I I I , 
and oxovanadium (IV) was s tud ied with the help of conductometric > 
potent iometr ic and h i ^ frequency t i t r a t i o n s . The complexes were 
prepared by mixing the t e t rahydrofurancso lu t ions of the metal s a l t s 
and phenanthrol ine . The comnlexes were i s o l a t e d and analysed. The 
followimg formulae were e s t a b l i s h e d « 
(o-Phen.) VOSO4 
(o-Phen. )2TiCl3 
The magnetic s u s c e p t i b i l i t y for the vanadyl complex a f t e r applying 
co r rec t ion for the diamagnetism of the l i gand was found t o be 
1.46 B.M. whereas i n the case of t i t an ium ( I I I ) complex i t was 
found t o be 0.3728 B.M. although a value of about 1.73 B.M, was 
expected. Probably the t i t a n o u s in the complex i s somewhat oxidised 
t o t i t a n i c t h r o u ^ ageing. The in f ra red spec t ra of the complexes 
were i n the region 600 - 4000 cm*"^  and compared with the I . R . 
0- phenanthrol ine . The var ious spec t r a l peaks were assigned t o 
d i f f e r en t v ib ra t i ona l modes. I t was observed t h a t the peaks i n 
o - phenanthroline a t 1423» 1505 and 1590 cm" are sh i f ted t o 
h i ^ e r frequencies and t h a t the s t rong absorpt ion peak a t 3350 cm~^ 
i n a phenanthroline a l so undergoes a change-on coordinat ion . 
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Cinchonine forms complexes with Copper (II) chloride and 
titanium (III) chloridef which have not been reported earlier. 
The formation of these complexes was studied through conducto -
metric and potentiometric titrations and a molar ratio of 1«1 
for the interaction of cinchonine with titanium (III) and copper 
(II) chloride was ascertained. The complexes were prepared in 
tetrahydrofurane and chemically analysed. The following formulae 
may be assigned to these complexes J 
iC^Q Hgg ONg) CUClg* SHgO. 
(Cl9 ^ 22 ONg) TiCl3. SHgO. 
The magnetic susceptibility for copper (II) cinchonine complex 
after applying ligand and temperature corrections is 1«84 B.M. 
which is quite in agreement with experimental moments for complex 
copper (II) ions. The infra red spectra of the complexes were 
taken in the region 250 4000 Cm" in the KBr phase and 
compared with the I.R. of cinchonine. The Ti CI peak appears 
at 330 Cm"" and Cu - N at 415 Cm". A feeble peak at 915 Cm" 
and a strong peak at 925 Cm"-'- occur in titanium (III) and copper 
(II) complex respectively* which are absent in the spectra of 
pure cinchonine. These peaks have been assigned to coordinated 
water. A band occurring at 2710 Cm' and a shoulder at 3085 Cm" 
is due to the OH stretching vibrations. The H-O-H peaks occur 
at 1635 Cm" (Cu complex) but the peak in the case of copper 
- 4 -
complex i s very feeble and tha t of titanium complex i s strong. 
Since a strong peak at 925 Cm" in copper complex and a very-
feeble peak at 915 Cm in titanium complex due to coordinated 
water was observed t t was assumed tha t both water molecules are 
perhaps present as la t t icewater in titanixim complex but one as 
coordinated and another as l a t t i c e water in copper complex. The 
peaks due to aromatic CN and al iphat ic CN seem to be equally 
affected by coordination but the strong peaks due to the vir^l 
group in the vic ini ty of a l iphat ic CN disappear on coordination. 
I t i s therefore possible tha t the coordination may have occurred 
at the t e r t i a r y nitrogen of the a l iphat ic part of the molecule. 
Structure for the two complexes have been proposed on t h i s basis* 
Vanadyl sulphate forms complexes with pyridine ,«<, y^-and 
Y" picolines» 2*4 and 2J6 lu t id ines* quinoline, isoquinoline and 
acridine in aqueous solution as well as in methanol. These 
complexes have not been studied so far . The interact ion of 
vanadyl sulphate and the amines was pursued with the help of direct 
and reverse conductometric and direct potentiometric t i t r a t i o n s . 
The complexes were prepared in methanol and analysed. The 
following formulae were established for pyridine,c< , / ^and / -P ico -
l i n e s , 2*4 and 2«6 l u t i d i n e s , quinoline, isoquinoline and acridine 
respectively. 
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VOCCg Hg N) SO4, VOCCgH^  N) SO4, VO (Cg H^ N) SO4 , 
10{CQ H7 N) SO4, ^Q(^^ H^N) so^ , VO (C7 Hg N) SO^ , 
V0(C9 H7 N) 304, V0(C9 H^K) SO^, ^^ ^^^^ ^^ j ^ ^ 5^^, 
The in f r a red spect ra of the complexes were taken i n the NaCl region 
and for some of them in the KBr region a l s o . The spec t r a l peaks 
for the r i n g CC and CN s t r e t c h i n g v ibra t ions* CH i n plane and out 
of plane deformation v ib ra t ions* V - 0 s t r e t c h i n g v i b r a t i o n s , S - 0 
s t r e t c h i n g v i b r a t i o n s , S - 0 plane and S - 0 out of plane deformation 
v ib ra t ions were ass igned. The observat ion of the previous workers 
t h a t a number of bands of var ious i n t e n s i t i e s observed i n amines 
are reduced t o a s i n ^ e band of s t rong i n t e n s i t y on coordinat ions 
"With the meta l , was found t o be so i n the region 700 - 800 Cm in 
the spect ra of the complexes of pyr idine c><-picoline and ac r id ine . 
The C - H out of plane deformation bands of the amines are sh i f ted 
t o h i j ^ e r frequencies and increase i n i n t e n s i t y . 
Titani\am ( I I I ) Chloride forms complexes with m - xy l id ine , 0 
and p - a n i s i d i n e , 0 and p - phene t id ine , n icot inamide, benzidine , 
0 - pheiQrlenediamine, acr id ine and/^- naphthylamine which were 
analysed and the fol lowing formulae show the composition of the 
complexes of T i ( I I I ) with these amines r e spec t ive ly{ 
- 6 -
(Cg E^^ N)^ TiClg , (C^ Hg NO)^ TiClg , (C^ H^ NO)^ TiCl3 
(Cg E^^ N O ^ i C l g , (Cg E^^m)^ TiCl3 ' ^^6 ^6 ^2°^2^^^-^3 
(Ci2 H^g N2)TiCl3 , (Cg Hg Ng)^ TICI3 ^^13 ^9 ^h ^^^^3 
and (C]^ Q Hg N)2 TiClg. The in f r a red spec t ra of these complexes 
were taken in the region 600 - 4000 Cm"' except in the case of 
benzidine complexe where the spec t ra i n the region 300 - 4000 Cm""^  
could he recorded. fhfe -^'pe^5(l&^&-ce<5tvSIK^*r^ ^ The 
peaks for CH s t r e t c h i n g v ib ra t i ons r i n g CC and CN s t r e t c h i n g 
v ib ra t ions* C - H i n plane and out of plane deformation v ib ra t ions 
were assigned. The MH deformation v ibra t ions are sh i f t ed to lower 
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SODIU!>! I^ IITRCPRUSaiDE 
Sodium n i t ropruss ide has long been used in the 
detec t ion o f sulphur in organic compounds. Scagliarini"^ 
and Pra tes i s tudied the react ion between a l k a l i metal 
sulphides and sodium n i t ropruss ide ai d found tha t i t could 
be measured e lec t romet r ica l ly since there i s a drop in 
sulphide ion concentration from 10~2 to 10" 1^ when equimolai 
proport ions of the two solut ions are p resen t . In an 
atmosphere of ni t rogen at 20*0, a po ten t i a l of 0,34V i s 
developed at a mercury electrode and t h i s confirms that 
the react ion r e s u l t s in the formation of a complex 
[Fe(CN)5N(i3] r a the r than a c e l l of the type Hg, Hg/JIa r^S 
S 
as the e.m.f. of such a ce l l i s con/ifiderably higher. 
S c a g l i a r i n i isolated** the react ion product of n i t ropruss ide 
and sulphide in methyl alcohol as v i o l e t c r y s t a l s . He 
fur ther observed tha t the Bodekar react ion between sodium 
n i t rop rus s ide and su lph i te ion depends upon the formation 
of the coloured ion [0:N(303) Fe—-(CN)5"] i ^ . The 
coloiired ion forms a s a l t with cadmium, which combined 
with (CHg)gN4 may be i so la ted as Cd[Pe(CN)5 NO ^0^ . 
12 H^O. 2(CH^)gN4 . Similar compounds were repoted with 
the s a l t s of zi^c and n i c k e l . When the solut ions of 
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n i t rop russ ide a nd sodium su lph i t e react with each other 
and the solut ion i s allov/ed to s tand, the deep red colour 
developed i n i t i a l l y fades on standing and the solut ion 
becomes colourless with the separat ion of sodium sulphate 
and a yellow compound Nas [Fe(CN)5303l , Scag l i a r in i , 
t he re fo re , concluded t h a t the red colour i s not due to 
a d i r ec t combination of SO3 with Fe, but a combination throi 
the NO group. 
Scag l i a r in i and Monforte*^ in 1931 studied the 
reac t ion of sodium sulfihide with n i t ropruss ide in d e t a i l 
and observed tha t Na4 iFe i i (CN)gN02l i s i n i t i a l l y formed, 
which undergoes hydrolysis and then reacts with sodium 
sulphide producing the coloured compound Na^ {]Fe(CN)gNCEj 
Brus t ier and Fernandez"^ studied the Lyon Playfair 
r eac t ion between sodium, n i t ropruss ide and sodium sulphide 
and the react ion of sodium n i t ropruss ide with sulphur 
dissolved in acetone in presence of cer ta in a lkal ine 
r eagen t s . They i so la ted a blue s o l i d , (Na^ [Fe2(CN)^25 r^ 
from the products of Lyon Playfair r eac t ion . They reportec 
t h a t the blue so l id i s very suscept ib le to oxidation, 
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h y d r o l y s i s or heat and i t s agueous s o l u t i o n i s s t a h l e for 
5 hours a t pH above 9 but for a few minutes a t lower pH. 
v a l u e s . The b lue s o l i d gives a c o l l o i d a l suspension in 
water which on s t and ing t u r n s yel low and p r e c i p i t a t e s 
su lphur and Ferrous hydrox ide . In analogiy wi th the 
u l t r a m a r i n e s they p o s t u l a t e d t h e fol lowing s t r u c t u r e for 
t h e b lue s o l i d : 
[ (GW)g Fe-
(CN)g Fe. 
5 : : : ( 3 ) ' Nagn 
J*^ 
Gusev and Belles '^ r e p o r t e d a r e a c t i o n of 
a n t i p y r e n e and f e r r i c s u l p h a t e ^^rith sodium n i t r o p r u s s i d e 
and found t h a t [Fe(C]_i H-^ g 0112)3] 2 [^'eCClOsHc] 3 i s 
p roduced . 
Hose^ used t h e i n t e r a c t i o n of sodium n i t r o p r u s s i d 
v;i th t e t r a c y a n o n i c k e l a t e in the presence of an a l k a l i for 
t h e quant i t a t ill* e e s t i m a t i o n of n i c k e l . The method i s based 
upon t h e fol lowing r e a c t i o n : 
4 Na-g, [Fe(GN)5lvp] + 10 Naei-I + Na2 Ni(CN)4 > 
4 Na4 [Fe(GN)e] + 4 NaNg>2 + 4 H2^ + llKf^E)^ 
By determining the amount of nickel with 
dimethyl glyoxime in the liberated Ni(<3H)2 j it was 
possible to calculate the amount of nitroprusside. 
•M ^L M» 
ORTHOPHM ANTPIROLBia . 
The chemical l i t e r a t u r e abounds wi th the complexes 
o f : l , l O - phenan th ro l i ne wi th metal i o n s . Koss, Mellon 
and dmith'^ s t u d i e d t h e colour r e a c t i o n s of 1,10 - phenan-
0 
t h r o l i n e and i t s 5- chloro, S-broms', 5- methyl and 5 n i t ro 
6- methyl der ivat ives with ferrous ion and found tha t the 
colour development could be used for the spectrophotoraetric 
determination of i ron . The der ivat ives did not form 
complexes of exceptional s t a b i l i t y and could not be 
preferred over the parent compound 1,10 - phenanthroline. 
The phenanthroline .and i t s der ivat ives form highly coloured o-
Insoluble cuprous comiplexes which can be measured co lor i -
met r lca l ly in the presence of su i t ab le so lven t s . I'olybdate 
ion in the presence of ortho-phenanthroline or i t s derivative 
can be reduced with chloro-stannous acid to give a reddish 
blue colour which is capable of detect ing 0.5 p.p.m^. of 
Molybdenum but bhe colour i s not su f f i c i en t ly s table for 
quan t i t a t ive measurements. 
Simon and others^ found tha t orthophenanthrollne 
l i k e 2.2 - dlpyridyl reacts with Fe"^ "*" to give a red complex 
having the composition, rFeCphenJgl "^ t In the case of 
phenanthi'oline ^jnlike tha t of dipyridyl the react ion talies 
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place in the presence of hydrogen peroxide and ahout 10 time: 
as much ferrous is required. 
Pfeiffer^ found tha t beryllium which usually 
shows a coordination number 4 , a t t a in s coordination number 
6 with phen.anthroline. Ballar et al-^ studied the cadmium 
phenanthroline complex polarographical ly and found tha t 
the complex has a composition |[Cd(o-phen)3'l"*"'" but in the 
presence of 28,673 ethyl alcohol the composition was 
[Cd (o-phen) ] "*" "*". Wadelin and Mellon-^^ suggested a rapid 
and reproducible spectrophotometric determination of cadmium, 
upto 9 p .p .m. , which i s based on the decrease in the 
dbsorption of 1,10 - phenanthroline owing to cadmium at 
241 mfi . 
Yamazaki and Yasuda-'-'^  determined the stepwise 
s t a b i l i t y constants of cadmium and zinc complexes of 
1,10 - phenanthroline by t i t r a t i o n with n i t r i c acid . Foss 
and uibson^'^ in t h e i r s tudies on the organic compounds of 
gold reported the formation of 0- phenanthroline d ie thyl 
aur ic bromide and o-phenanthroline d ie thy l auric dibromo-
d i e t h y l au ra t e . 
After 1950 , the work on the complexes of o-phen-
anthro l ine became spread over a large number of metals . 
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Kochi^'^ used the Cu(ll) - o - phenanthroline complex in 
the oxidation of a l l y l i c rad ica l s and observed tha t a 
mixture of a l l y l i c isomers i s obtained, which has the same 
composition as tha t obtained from the conventional carbonium 
ion processes . The complex of ortho-phenantroline with 
copper ( i i ) was reported in the ca ta lys i s of anthracene 
t r i p l e t decay-^^, in homogeneous ca ta lys i s^^ and in the 
oxidat ion of sul f ih i tes l^ , 
1S Scrocco and Ragazzini studied the uni and 
bivalent s i l ve r complexes with o ~ phenanthroline and found 
t h a t Ag '*' acquires the bicovalent configuration and Ag "'"*' 
t he te t racova len t form in these complexes, Gordon and 
o t h e r s ^ studied the k ine t i c s of oxidation of s i l ve r -
phenanthroline com.plex. Peard and Pflaum^^ prepared a large 
number of s i l v e r ( i ) heterocycl ic amine complexes including 
a com.plex with ortho-phenanthroline and gave the general 
composition as Ag (amdne)^ N^3» 
Bailar and Block^l in 1951 reported the go ld ( i i i ) 
complexes of o - phenantroline having the composition 
[AuClg (phen)] CI, [AuGlg (phdn)] NC3, [AU Br^Cphen)] Br 
and LAUCI2 (phen)J (AuGl^) and observed tha t in no case 
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more than one bidentate molecule coordinates to one atom 
of gold. Harris^'^ determined the s t ruc tu re of the ortho-
phenanthroline complexes of gold ( i i l ) halides in n i t r o -
benzene and acetone solut ions with the help of conductometric 
and spectrophotometrlc measurements. He further observed 
t h a t the a low molar conduct iv i t ies of the com.pounds 
Au X3 . phen (where x = CI or Br) in these solvents are 
due to the rapid react ion of hal ide ions with dihalophen 
anthrol ine g o l d ( i i i ) ion in these solvents r e su l t ing in the 
ready rearrangemiont: 
2 [Au(phen)X2] "^  + 2 Tt'" |AU (phen) X2] X \^^ ^4]" + P^^n. 
Kruse and Brandt^"^ made de ta i led spectrophoto-
metric s tudies of the Zinc ( i i ) phenanthroline com.plex 
and the ligand in the region 220 - 320 m/u. and showed how 
the concentration could be r e l a t ed to absorption. The comple 
could be used as a p rec ip i t an t for vanadate, molybdate and 
24 fe r r i cyan ide . Mc Glure'^ found tha t t h i s op t i ca l ly 
colour less com^plex shows minimum absorption at 292.5 m/M 
in the u l t r a v i o l e t , which is useful in chemical ana lys i s . 
The absorption i s best observed at pH 5 . Three complexes are 
formed one of them having a r a t i o of 2 :1 (Zn : phen). 
Akihama and Toyoshim.a^^ in t h e i r inves t iga t ions on 
- 8 
'^^  
Chemotherapej?itic drugs against v i rues , found the a n t i v i r a l 
effect of zinc complexes, including the zinc - phenanthrolim 
complex, on Japanese ^ encephal i t i s v i r u s . The zinc i 
phenanthroline complex was also studied by Fahsel^^ and 
Thiele and K o c h l e r ^ . 
Thiele^S studied the cajnium - orthophenanthroline 
complex^ also and found tha t a 1:1 c r y s t a l l i n e chelate is 
formed when the phenanthroline is added to a solution of 
dimetjiyl cadmium in hexane or d ie thy l e the r . 
Pinter and Karas^S used the red coloured 
1 Pe (o-phen)3| "'"'' complex in the macrodetermination of 
mercuric ions , The method i s based upon the fact tha t the 
hexacyano-fer ra te( i l ) ion which decomposes in weakly acid 
aqueous solut ion to Prussian blue in the presence of small 
amounts of mercuric ions , gives red coloured solut ion of 
[Pe (o-phen)3l "'"*' in the presence of ortho-phenanthroline. 
Sutton on the basis of conductance and molecular weight 
measurements reported the formation of 4 conalent non-
e l e c t r o l y t e complexes of mercury with orthophenanthroline 
havjing the formulae, Hg X2 phen , Hg Y phen and Hg(phen)2, 
where X is a halogen or n i t r i t e and Y is an oxal te or 
su lpha t e . 
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Sutton'^^ for the f i r s t time reported the formation 
of t r i s -phenan thro- l ine - indi-um complex in aqueous solution 
and Kopanica and Pr ib i l^^ es tabl ished the conditions for 
the formation of phenanthroline-thiocyanate complexes of 
indium and other meta ls , found the influence of E D T A 
on the formation of these complexes and gave a polarographic 
method of determini t lon of indium in meta l l ic cadmium. 
Carty and Tuck^*^ reported tha t Indium ( i ) perchlcrate 
hydrate reac t s with a -gariejsy of donor ligands to give 
products containing perchlor§jte anion and a complex cation 
and the complex is a hexa coordinate species when the donor 
l igand i s orthophenanthrol ine. 
34-Sutton*^ prepared the chloro, bromo and iodo 
orthophenanthroline complexes of thalliumCij^^i), determined 
t h e i r s t ruc tures and found the formulae of the complexes as 
Tl X3 phen where x is the halogen. Mironov*^^ and others 
made potentiometric inves t iga t ions of complex formation in 
the system T l ( i i i ) -1,10 - phenanthroline and established 
the existence of [Tl (phen) ] •^ •*'+ aid [Tl (phen)2] "^ "^ "^  ions . 
Zdiradichkova^^et a l in t h e i r attempt to prepare new amine 
complexes of t r i v a l e n t thal l ium, used the tha l l i im n i t r a t e 
phenanthro - l i n e complex for in te rac t ion with various 
amines. 
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Webster*^' and coworkers studied the infra red 
spectra of Qermaniim te t rachlor ide-phenanthrol ine adduct 
and b r i e f ly pointed out the value of I .H. spectroscopy 
in the cesium bromide region . 
38 
Zimmer'^ man and Brandt obtained an indi rec t 
evidence for the formation of colourless and water soluble 
complexes of phenanthroline with t i n ( i i & iv) . Davies and 
A l l e s t o n ^ i so la ted the t in-orthojihenanthroline complex by 
i n t e r a c t i n g organo - t i i 'Miha l ides vdth orthophenanthroline 
in e thyl a lcohol . Sea t t l e ^'^ and other studied the infra 
red spectra of t i n ( iv) orthophenanthroline complex. They 
a lso reported the formation of 1:1 addition compounds'*^ 
between orthophenanthroline and (CH3)23n CI2 or GH3 Sn GI3. 
Yasuda and Tobias^^ determined the s t a b i l i t y constant of 
the dimethyl t i n ( iv) orthophenanthroline complex in 
aqueous so lu t ion , Rees and Gormley^^ recen t ly prepared the 
R2. 3n (N02)2.phen complex (where R« propyl or butyl) by 
f i r s t preparing R23n(N03)2 by the in te rac t ion of R23nGl2 
with s i lve r n i t r a t e and subsequent treatm^ent of t h i s 
compound with 1,10 - phenanthroline hydrate tooth taken 
in ethanolic media. 
38 
Zimmerman and Brandt used the same indirect 
method for preparing lead complex as they employed in the 
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case of t i n phenajithroline complex; Recently Kaiser'^^ and 
others have taken up the study of dlorganolead complexes 
with arom.atic ni trogen bases . 
Clark'^'* prepared the t i tanium (iv) chloride 
phenanthroline complexe^ and studied i t s infra red and 
v i s i b l e spec t r a . He assigned the various peaks to different 
types of v i b r a t i o n s . Shtokalo studied the t i tanium complex 
using the metal indica tor method. Mueller and I h i e l e " 
reported the formation of an a i r s e n s i t i v e , red coloured 
and ether and benzene soluble complex between tetramethyl 
t i tanium and orthophenanthroline. 
Buhl and others47 proposed a method of gravimetric 
determination of b ismuth( i i i ) as bismuth-phenanthroline 
thiocyanate complex. 
Gottlieb'^^ used orthophenanthroline for the 
determination of vanadium. Tru j i l lo and Brito prepared 
the mono and di complexes of phenanthroline and vanadiijmi(iv), 
Selbin and others^^ studied the infra red spectra of 41 
oxovanadium (iv) complexes including one with phenanthroline 
in order to understand the bonding cha rac t e r i s t i c s of the 
l i g a n d s . Krauss and Gnatz^^interacted the VOCI3 with 
orthophenanthroline in methyl alcohol and obtained the black 
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44 ^ 
c r y s t a l s of the complex. Clark prepared the Y6OI2 phen. s. 
complex and studied i t s infra red spectrfetTpN- He further 
found tha t the magnetic moments ®f the ¥ ( iv ) complexes 
are close to the spin only value 1.73 B.K, Seltoin^^ ^nd 
his coworkers have done extensive studies on the vandium 
( iv) complexes and recen t ly Dutta^^ has found some new 
i n t e r e s t in oxovanadium complexes. 
54 
Fowles and others prepared the orthophenanthrolii 
complexes of Niobium pentachloride and tantalum pentachloridi 
and gave the composition as M Cl^ phen. Where ¥ i s Niobium 
and Tantalum. They studied the infra red and vibible 
spect ra and m.agnetic proper t ies of these complexes. 
Bjerrum and Inskeep studied the in terac t ion 
of hexai^uo chromium ( i i i ) ion with phen an thro l i n e . Herzog 
and Aul obtained t r i s (1,10-phenanthroline) chromium(o) 
by a disproport ionat ion react ion of Cr (o Ac)2 in the 
presence of phenanthrol ine. The black c rys ta l s of the 
complex were soluble in benzene, pyridine and t e t r a -
hydrofurane and insoluble in water sp.d alcoBiol. Earnshaw 
and Lewis'"' studied the m.agnetic proper t ies of some 
binuclear complexes of chrom.lum e .g . r(phen)2 Gr ©K.CrCphen) 
©H J I4 . 4 HIO. Boomhead and Dwyer°^ prepared the mono ,58 
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complex of orthophenanthroline with chromium ( i i i ) by 
boi l ing the anhydride of metal hal ide with the base in 
dimethyl form.amide so lu t ion . Broomhead^ also prepared 
the potassium his (oxalate) 1,10 - phenanthroline chrom.ate(ii 
by the in t e r - ac t ion of phenanthroline chrom.iumi ( i i i ) complex 
v;ith potassium oxalate in aqueous formaldehyde. He also 
did racemization^^ s tudies on th i s complex. Stomberg^l 
determined the c rys t a l s t ruc tu re of oxo-diperoxo-ortho phen-
an thro l ine chromium (vi) complex. Mueller"*^ and others 
prepared t r i s (phenanthroline) chrom.ium(o) by t r ea t ing 
Kg Cr(CN)Q with the base in l iqu id amjnonia a t a temperature 
above - 60^0. 
Steele prepared octahedral Mo(phen)3X3 complex 
(where x = Gl,Br or I ) in 1957. Mitchell and V/illiam^^ 
studied the clr§nical, spectroscopic and magnetic propert ies 
of the complexes with + 3 , + 4 &-|=5 oxidation s ta tes of 
molybdenum. 
The uranyl-phenanthroline complex was syn.thesised 
by Markov and Tsapkin^^ in 1959. Gam and Smith^^ i so la ted 
two complexes (phen H)2 U ^ l g and UCII3 0C2H5.(phen)p. 
Broom.head and Dewyer prepared the phenanthroline 
m.anganese(ii) complex^ by the same m,ethod as used for the 
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preparat ion of chromium complex Goodwin and Sylva reported 
the formation of t r i c h l c r o aquo p hen ant hro l i ne m.anganese(iia) 
complex by the in te rac t iom of phenant hro l ine ^l6.th the metal 
s a l t in solut ions of lo\jeT a c i d i t i e s . 
Hieber and others^^ reported the formation of 
a complex with technitium, TcCGO)^. (o - phen) Br, 
Cotton and Wilkinson^^ prepared Re i 4 (phen) and 
Sen, Ghosh and Sarkar'^*^ reported the formation of a red 
v i o l e t complex, Na2 [ Re (GM)4 o - phen] , They refluxed an 
equimolar mixture of trisodium aquo - pentacyano rhena te ( i i ) 
and phenanthroline for 3 - 4 hours in aqueous alcohol, 
concentrated the solut ion and dried in vacuum. The complex 
was then extracted with alcohol and p rec ip i t a t ed by adding 
acetone . 
The iron - phenanthroline in te rac t ion has been 
extensively studied Anderson et at*^ -^  prepared[pe(phen)3^ Snig 
by the react ion of s tannic iodide with [Fe(phen)3]l 2 « ^ ^ 
in methyl a lcohol . Vydra and Pribil ' ' '^ mentioned the 
reduction of i r o n ( i i i ) to i r o n ( i i ) by c o b a l t ( i i ) in the 
presence of phenanthroline and subsequent form.ation of 
an intensiely red ferroin complex m.th the base. They used 
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the colour development as a s ens i t i ve qua l i t a t ive t e s t 
for coba l t . The oxidation of c o b a l t ( i i ) to c o b a l t ( i l i ) 
by iron ( i i ) in presence of phenanthroline was used for 
the potentiometric and amperometric determination'^^ of 
coba l t . Earnshaw and Lewis^'? studied the magnetic properties 
of the binuclear iron complexes of phenanthroline. Broomheac 
and Dwyer^^ prepared the iron ( i i ) phenanthroline complex 
by boi l ing metal hal ide wit|i the amine in norm.al hydrochloric 
a c i d . Sutin*^"^ and others studied the k ine t i c s of the reac-
t ions of iron ( i i & i i i ) complexes of orthophenanthroline. 
Gershune'''^ e t a l measured the i n s t a b i l i t y constant of 
i ron ( i i ) phenanthroline complex. Hieber and F loss ' ^ 
prepared the t r i -o -phenanthro l ine i r o n ( i i ) s a l t s by the 
i n t e r ac t i on of Fe(GO)g or Fe3(C0)-L2 with o-phenanthroline . 
Madeja and Koenig ' ' measured the m.agnetic s u s c e p t i b i l i t i e s 
and took the r e f l ec t ion spectra of the iron ( i i ) - phenanthrc 
l i n e complexes. 
Gambi arid Paglia reported the form.ation of 
complexes between o-phenanthroline and cobalt cyanides 
v i z . Co(CN)2, C03(CN)g , Co(GT-T)3 , Go(CN)2.CH and H Co(GF)^. 
WilKinson"^^ and others studied the infra red spectra of 
the o - phenanthroline complexes of cobalt n i t r o s y l ha l ides . 
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Hieber and Heinlcke^^ reported tha t 1 mole of Go(ii6)2 Clo 
r e a c t s with o ' 5 mole of o- phenanthroline in acetone to 
give [GO(1I6))2 ( C I 2 Hg %)] [Co (N6))2 ^l-^l from which 
[Co(ll6))2 (C-L2 Hg N2)] CIO4 can be p rec ip i t a ted by adding 
sodium perch lo ra te . Ablove and Palade reported the formati 
of v i o l e t rectangular prisms of \Co(phen)2 Cl^- .C204. 2 H2 C 
-r^ by the addit ion of excess of oxal ic acid to cold aqueous 
so lu t ion of [Go(phen)2. Clg") CI. 3 H20. 
Behrens and Mueller ^2 prepared the t r i s phenanthro 
l i n e n icke l (o) by the treatment of Kg [Cr(GN)g] with 
o - phenanthroline in l i ^ i d ammonia. 
Dwyer and Gyarfas^*^ resolved the t r i s - o - phenanthr 
l i n e ruthemium perchlora te in to op t i c a l l y ac t ive isomers. 
Banks and O'Laughlin^* suggested a spectrophotometric method 
of the determination of ruthenium. The method i s based 
on the react ion of ruthenium ( i i i ) or ( iv) with o-phenan-
t h r o l i n e in the presence of hydroxyl ammonium chloride 
when a s t ab le in tense ly coloured t r i s (o-phenanthroline) 
ruthenium ( i i ) ion i s formed. Bailar^^ has also reported the 
synthesis of t h i s compound. 
Kulasingam and Wilkinson°^ and t h e i r collaborators 
have reported the formation of rhodium ( i i i ) phenanthroline 
complex. 
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Feigl and Heisig^'^ reported the coordination of 
Pd (ClOg with phenanthrol ine. Ryan^^ foimd tha t phenanthro-
l i n e p r ec ip i t a t e s palladium as Pd 0-^2 Hg N2 GI2 , a 
non e l ec t ro ly t e and can separate i t from platinum, iridium 
and rhodium. The infra red spectra of some orthophenanthro-
l i n e der ivat ives of the su lphi to compounds of pal ladium(ii) 
^ ^ • " ^ 0 0 o n 
wft6 reported by Livitus^*' and o t h e r s . Mitchell*^ and 
col labora tors have studied the infra red spectra of bis(phen-
an thro l ine) palladium ( i i ) chloride in the 250 - 600 cm~l 
range . 
Dwyer^l and others prepared the t r i s (o-phenanthro-
l i n e ) osmium ( i i ) ch lo r ide . Kulasingam and V/hinnie°^ 
repor ted the iridium ( i i i ) complex. 
Plowman and H a l l ^ reported the preparation of 
[Pt (o-phen)2"j2+ , [pt(o-phen) (en)] 2+^ [Pt(o-phen)(py)2]^"^ 
and [Pt (o-phen) (py) Cl] and observed tha t the reduction 
of [Pt (o-phen)2] ^^ produces some evidence for the forma-
t i o n a platiniM compound with a valency less than two for 
plat inum. 
The complexes of arrthophenanthroline with ra re -
ea r th elements®*^ have been widely s tud ied . 
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C I N C H O N I N S 
Very l i t t l e work seems to have been done on 
the complexes of cinchonine. In 1924 Kiderlen^"^ and others, 
repor ted tha t rose red needles of a cinchonine s a l t are 
obtained by boi l ing c is or t rans pyridinium dioxalo diaquo 
chromiate with cinchonine and a d i r t y green t r ic inchonine sa' 
Na ^Gr (0304)2 (cinchonine)33 5 H2^ r e su l t s on boil ing a la 
mixture of sodium dioxalodiaquo-chromlate and cinchonine. 
Seshadri and Rao prepared organo-mercury compoimds with 
a ^ 
quinine a nd cinchonine v i z . o^"-hydroxy mercuri-yo-hydroxy 
dihydroquinine, Ggo H24. N2O2 (OH) -.Hg(CH).2 H2O, and a 
96 
s imi la r compound with cinchonine. Cirul is and Straumanis 
reported the formation of cinchonine and cinchonidine 
t e t r az ido copper compounds. Moeller^' and others prepared 
cinchonine s a l t s of the acids H [Nd (enta)] and HtY(enta)] , 
(where enta = ethy\enediamine t e t r a ace t ic acid) , by the d i 
d i r e c t in te rac t ion of free cinchonine and the acids in 
equi - molar quant i t ies in aqueous solut ion and subsequent 
c r y s t a l l i z a t i o n . The cinchonine yttrium compound could 
be prepared only as a gelatinous p r e c i p i t a t e by addition 
of e thanol . They reported the composition of the necdymiiom 
complex as G g^ H22 0^2 . H [ Nd ( e n t a ) ] . Carbonnel^^ 
prepared the s tannipyrogal la te and the stannipyrocatecholate 
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of cinchonine. An aqueous solut ion of clnchonine acetate 
was t r ea ted -vd th a solut ion of s tannic chloride and 
pyrocatechol when a yellow p r e c i p i t a t e was obtained which 
could be c r y s t a l l i z e d fron the boi l ing react ion mixture 
to give 3n^^(C5 H402)3. H2. C19 H22 ON2.3C5 H4(eH)2. H2C . 
The aqueous solut ion of cinchonine ace ta te on treatrrent 
with stannic chlor ide and pyrogal lol so3.utions in water 
yielded a yellow p r e c i p i t a t e and the addition of ammonia 
to the f i l t r a t e gave a heige p r e c i p i t a t e corresponding 
to the formula 3n^^ (Cg H3O H02)3.H2.C-L9 H22 ON2.3H2O. 
0 0 
Kerz'"'' has suggested the use of cinchonine in the p rec i -
p i t a t i o n of radioact ive tungsten where the method is 
useful because the time factor in radioact ive work is miore 
important than lOO)^  p r e c i p i t a t i o n . The p rec ip i t a t ion is 
0,5 - 1,5% low and p a r t a l coprec lp i ta t icn of molybdenum 
occurs . He adds tha t the miHfture of cinchonine and 
tannin has some advantage in the separat ion of tungsten 
from ether elemients. 
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P Y R I D I K 3 
The complexes of pyridine with almost a l l the 
metals have been s tud ied . Pyridine forms complexes with 
t i tanium and vanadium a l s o . Fernelius and Dermer-^ *^ *^  
prepared the compo^ jind of pyridine with t i tanium t e t r a -
c h l o r i d e . Beathie-^ -^  studied the infra red spectra of 
1:2 addit ion compound of tit,aniiim t e t r ach lo r ide with 
pyr id ine and observed tha t coordinated pyridine gives an 
abnormally low C - H s t re tch ing i n t e n s i t y . Em.eleus and 
Rao^^2 studied the compounds of TlCl4,TiBr^and Ti l^ with 
various organ?'c ligands including pyr id ine . Rao-^ *^^  also 
studied the infra red spectra of TiF^.aCgHgN and TiGl4. 
2C5H5N complexes Dehnicke-'- '^  studied the t i t a n y l chloride 
complex with pyridine and gave the composition of the 
complex as Ti0fll2.2C5H5N. Prasad and Tripathi^^^ t rea ted 
a large number of a l ipha t i c and heterocycl ic amines v/ith 
'riBr4, determ.ined the ni trogen present in the complexes 
and thus determined t h e i r formulae. Fox/les and Hooflless " 
prepared the t i t a n i u m ( i i i ) chloride pyridine complex and 
gave a m.olar r a t i o of 1:3 (Ti : pyridine) for the adduct. 
Dehnicke studied the in te rac t ion of t i t a n y l iodide with 
pyr id ine and found tha t the complex formed was TiO 2« 
3 pyr id ine . Krishnan and Patel-'-^^ prepared the 
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pentakiG (pyridine N-oxide) oxotitanium (iv) perchlora te . 
3andhu and dingh-"-^^ in t h e i r s tudies on ionic reactions 
in thionyl chloride to ascer ta in the mature of thionyl 
chlor ide in cer ta in acid - base complexes of pyridine 
observed tha t t i tanium t e t r ach lo r ide forms a m.ixed 
complex v/ith pyridine and thionyl chloride and gave 
Fyg KGI4.3OCI2 as the formula of the complex. ?cv;les 
and Walton-^-^^ studied the react ions of tribromo kis 
( t r imethyl amine) titanium, ( i l l ) with some nitrogen dorcr 
molecules and i so la ted the complexes of the type TiBrg. 
nL where n = 1,1»5, 2 or 3 and L i s pyridine and Vor < 
p i c o l i n e . Valent-^ and others prepared the t r i c h l o r o -
t r i s (pyridine) t i tanium ( i l l ) complex by the in teract ion 
of anhydrosls so l id titanium, ( i i i ) chloride x r^ith pyridine 
in hexane. 
Biel ig and Bayer-'--'-''-^  prepared the complexes 
of pyridine with quinque, quadri and t r i v a l e n t vanadium 
and studied t h e i r sterioisomerism„. Funk-^ -^ *" and others 
found tha t vanadyl chloride form.s a number of complexes 
with pyridine v i z . V6GI2.3G5 H5N, 7OCI2.2G5 H5N, 
V0G1-,.2G5 "^^'^ ^^s^H and VOGI2. ^^b ^&^' '^2 ^2 H5OH. 
Horner, Tyrce, Venezky, Ganell and Glark-^ -^ "^  have given 
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the methods of preparat ion of oxovanadiun ( iv) and YF. 
complexes of pyr id ine . Recently Dutta and his collabo-
r a t o r s have done a large arriount of >-v-rork on the complexes 
of oxo^ranadium. He in col laborat ion vdth Ghosh and 
n 5 
Lahiry studied the react ion of 2 pyridine carboxylic acid 
with van.adyl sulphate and found tha t the two re-ict together 
belov/ pH5 to give blue c r y s t a l l i n e products having the 
compositions [VOCHgO) (Pic)^] and H [VCCPicJg] . 2R:p. 
Both of these com.pounds were found to react with am.ines 
and heterocycl ic bases to produce ol ive green corapouiids . 
He also undertook the I .R. s tudies of vanadium (iv) 
pyr idine complexes and also prepared the heterochelates 
of oxovanadium, ( i v ) . 
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A K I W S 
Prasad and others -"-^ ^ studied the complex 
forr.ation betv;een various aromatic secondary snd t e r t i a r y 
arr.ines and vanadiuir. t r i c h l o r i d e in ethanol and found 
t h a t vanadiiiin. exhibited a coordination nuriber of four. 
Ihey also studied the ccrplexes of oxov.anadiuTT. (v) 
chlor ide v/ith aromatic prlir.ary r.onc and dianines , 
aroEatic secondary and t e r t a r y ainines and heterocyclic 
bases in carbon t e t r a c h l o r i d e . The varfdlijur' (v) oxychlo-
r i d e showed a coordination number of s i x . Dutta-^-^"' and 
co-'/orkers have studied the react ion of YOClIpr) (Pic.)- , 
and H [ VC(Pic.)3'l , 2H2O with arrdnes and heterocyclic 
ba se s . Prasad and Srivastave-^-^ prepared van.^diiir t e t r a -
chlor ide by passing carbon t e t r ach lo r ide vapours over 
vanadium pentoxide at about 900 C and then t reated the 
d i l u t e solut ion of vanadium t e t r ach lo r ide in carbon 
t e t r a c h l o r i d e with a number of aromatic amines and 
diamines. Lit-ftanu. ''•^ ^ and bthers fouiad tha t aqueous 
crthovanadate solut ions on treatment v/ith quinoline or 
ac r id ine in the pli range of 2.5 - 4,7 zsy^ ye^.lov/ 
p r e c i p i t a t e s . 
Complexes of titani-orc. ( iv) with various amine'i 
have been prepared and s tudied . Dermer and ?erneli";s'^' 
s tudied the in te rac t ion of ti tanium te t rach lor ide •^ nd 
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organ ic compounds of n i t r o g e n and i s o l a t e d t i t a n i u r . ( i v ) 
c c rn p 0 an d s \': i t h p yr i d ;ln e , quin o 1 in e, V - p i a o 1 in e, p i p e r i d in e 
Prasad and Tr ip a t h i -'-•'' s t ud i ed t h e i n t e r a c t i o n of t i t an ium 
te t rabrorn lde v/ibh. b e n z i d i n e , C-phenylene d i a r i n e d i a ' " i3 i -
d i n e , C-m c; p . t o l u i d i n e e t c . in e thano l and fo^md t h a t 
2 riolecaleG diamines and 4 ' ro lecu les of mono - a^ ^D n^es 
were added to an atom of t i taniuim. Fo^.rles and Hoodiess-*-- ' 
p repa red the complexes of t i t an ium ( i i i ) ch lo r i de v.'ith 
o<- p i c o l i n e and Y- p i c o l i n e and found t h e r a t i o of 
1:2 and 1:3 (metal :amine) r e s p e c t i v e l j in these com-Dlezerj 
1 o n 
Krishnan and Pa t e l ^^^ s t ud i ed the Quinoline F - Oxide 
corn p i exes of t i t a n y l ion . 
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3 0 D I U K N I T R 0 P R U p 3 . 1 D 3 G 0 K I, 3 X :ij 3, 
I n t r o d u c t i o n 
Sodiuw n i t r o p r u s i d e r e a c t s --ath a l a r g e number -
of me ta l ions v i z . Co"^ "^ , Ni"*" ,^ Gd""^, Zn"^ ""^ , Ca'"*", Mn"^ '"^ , 
Fe , Ti , & Ag in aqueous s o l u t i o n and wi th Hg , 
Y , La jCe ,Pr , Kd y^nm ,Gd and 
Dy in methanol to give d i f f e r e n t l y coloured p r e c i p i t a t e s 
or c r y s t a l s which h i t h e r t o found no mention in the chemical 
l i t e r a t u r e . These compounds have been s t ud i ed using 
d i r e c t and r e v e r s e conductom.etric and thermometric and 
in som.e cases d i r e c t po t en t i o ine t r i c t i t r a t i o n s . The 
complexes were i s o l a t e d as p r e c i p i t a t e s from aqueous 
s o l u t i o n or as c r y s t a l s from s o l u t i o n s in methanol and 
a n a l y s e d . 
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B X P 1^  R I M E N T A L 
Standard solut ions of the chlorides of cobalt-'-^-'-, 
n icke l , cadmium-'-^^, zinc-'-'^^, copper-^^^ md manganese^"'^^ 
and iron sulphate^^? were prepared from B.D.H., Analar or 
E.Merck products . Standard solut ion of-"^ ^^  t i t an iun ( i i i ) 
ch lor ide was prepared from TiClg. 6H2O crystals-^^^. Since 
t i t an i tm ( i i i ) chloride is apt to hydrolyse and undergo 
atmospheric oxidat ion, fresh solut ions were always prepared 
before use and kept covered with a layer of kerosene o i l 
throughout these i nves t iga t ions . Aqueous solut ions of 
L a ( i i i ) , G e ( i i i ) , P r ( i i i ) , N d ( i i i ) , 3m(i i i ) and Y( i i i ) 
were prepared from t h e i r chlorides (AS i^lT, Bombay products) , 
of ' l d ( i i i ) and Dy( i i i ) from t h e i r oxides (.I^JIT, Bom.bay 
products) by f i r s t converting them into chlor ides , of 
Hg( i i ) from i t s n i t r a t e (:3.D.H.,A.R.), of Ag(i) from 
s i l v e r n i t r a t e (S.Kerck) and of VC^ "^  frorx VOClgCB.D.II). 
The standard solut ion of s i l ve r n i t r a t e was prepared by 
dissolving the required amount of the s a l t in conductivity 
water . The solut ion of mercuric n i t r a t e was standardized 
-] on by p r e c i p i t a t i n g i t as HgS and v;eighing i t as such. 
The solut ion of vanadyl chloride was standardized by 
converting a known volume of i t into vanadate, 
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p r e c i p i t a t i n g as mercurous vanadate, i,gnitiRg and weighing 
as V2C5 I'-^l. The s t rength of the ra re ear th solutions 
was determined by p rec ip i t a t i ng as oxa la t e s . The oxalate 
was f i l t e r e d through a s in tered glass crucible and 
washed ^^^ell with water . The crucible along vith the 
p r e c i p i t a t e was placed in a beaker containing d i lu t e 
sulphuric acid and t i t r a t e d against star^dard permanganate 
solution-^^"^. The standard solut ion of sodium ni t ropruss ide 
was prepared by dissolving the r e q u i s i t e amount of Na^ 
[FeCGlOgNOj 2H2O (B.D.H.jA.H.) in a i r free conductivity 
water . 
Direct and reverse conductometric t i t r a t i o n s 
were performed using solutionis of metal s a l t s and n i t r o -
pruss ide in conductivi ty water . In the case of titaniiur.Ciii ' 
ch lo r ide , a i r free conductivi ty vmter was used. For 
measuring conduct ivi ty , Phi l ips conductivi ty bridge PR m.odel 
9500 was used. (F lg .nos . l - 28) . 
For thermometric t i t r a t i o n s , a well insulated 
Dewar's flask of lOOrol capacity was used. The buret te 
v/as wrapped with asbestos on a l l s ides exeept for the 
s t reak l e f t to make the graduations v i s i b l e . The s l u t i o n s 
were kept for som.etime to a t t a i n room temperature before 
- 28 -
actually starting the titrations. Variations in tempera-
ture were noted with the help of a Beckman thermometer* 
Both direct and reverse titrations were carried out. ("-''ig. 
nos.29 - 41.) 
The potentiometric titrations were performed with 
the help of a Tinseley potentiometer using a lamp and 
scale outfit. Only direct titrations in the cases of cobalt, 
copper, titanium, silver, mercury, lanthanum, and cerium 
could yield any results. (Fig.nos. 42 - 48) 
The complexes of cobalt, nickel, cadmium, zine, 
copper iron and mercury were prepared by mixing aqueous 
solutions of metal salts and sodium nitroprusside in 
equimolecular proportions. The precipitate was centri-
fuged, washed first with water and then repeatedly with 
50;i ethanol till the centrifugate was free from metal 
salt and nitroprusside. The silver nitroprusside 
complex was obtained as a precipitate on mixing the 
aqueous solutions of the two'reactants In the molar ratio 
of 2:1. The precipitates of m-anganese, titanium, gadoliniurr>, 
dysprosium and vanadyl complexes were obtained in methanol. 
The precipitated were dried in a vacuum desiccator over 
quick lime for several days. Chlorides of ythium. 
- 29 -
lanthaimrc, cerium, praseodymiiM neodymiuin and samarium 
in m.ethanol were mixed with sodium n i t ropruss ide in the 
same solvent in the molar r a t i o of 1:1 and heated on a 
water bath for about half an hour when shining small 
needle shaped c rys t a l s were produced. The c rys ta l s were 
washed with methanol and dried in a vacuiim des icca to r . 
The colours of the dried complexes of cobal t , n icke l , 
cadmium, z inc , copper, manganese, iron andtitaniTora were 
d i r t y pink, almost black, l i gh t buff, l i gh t rose coloured, 
b lu ish green, almond coloured, baked clay coloured and 
black r epec t ive ly . The colour of vanadium complex in 
the wet s t a t e was green which changed to black on drying. 
The colour of the r e s t of the complexes was almost pink 
in the wet s t a t e l On drying the colour of the complexes 
of s i l v e r , mercury, praseodymium, gadolinium and dyspro-
sium, became l i gh t pink, of neodymium pink, of lanthanum 
and y^hiuffi d i r jy pink, of cerium dark pink and of 
a-
smarium. light bro\m. 
h 
A weighed quantity of the cobalt complex 
was fused with fusion mixture in a platinum crucible 
and dissolved in dilute nitric acid. Iron was separated 
as hydroxide, dried, ignited and weighed as Fe2 O3; 
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the filtrate evaporated to dryness, dissolved in dilute 
hydrochloric acid, cobalt precipitated v;ith o<- nitroso ^P 
naphthol and weighed as cobalt sulphate-'-^ -'-. 
The fused nickel complex was dissolved in dilute 
hydrochloric acid and then nickel and iron were separated 
and estimated according to the method used for nickel 
steel^^^. 
The cadmium complex was fused, dissolved in 
dilute sulphuric acid and cadmium-^ "^^  estimated as sulphate 
after first precipitating it as sulphide and then iron 
was determined as hydroxide. 
From the solution of the fused zinc complex in 
dilute hydrochloric acid, iron-^ *^ ^ was precipitated as 
hydroxide in the presence of excess of ammonium chloride 
and then zinc precipitated and weighed as zinc amm.onium 
phosphate-^^ 
After the necessary fusion and dissolution of 
the copper comiplex, copper was estimated as cuprous 
- i q c 
th iocyanate and iron as oxide . 
From, the solut ion of manganese complex as 
prepared in other cases , iron x^ as p rec ip i ta ted at pH4 
and manganese at pH 9 as hydroxides-'•'^ ^ and later on 
manganese estimated as carbonate. The iron complex was 
fused and total iron estimated as oxide. 
The method of decomposition of the titaniim 
complex and subsequent estimation of titanium and iron 
as oxides was the same as used in the analysis of 
138 ferrocarbon titanium . 
From the solution of the fused complex in dilute 
nitric acid, silver was separated and estimated as AgCl and 
iron was determined as ferric hydroxide. 
The mercury nitroprusside com.plex was fused and 
dissolved in dilute hydrochloric acid from v;hich mercury 
was separated as sulphide-^ *^ ^ and iron was estim.ated as 
ferric hydroxide from the filtrate . 
From the solution of fused vanadium nitroprusside 
complex in dilute nitric acid, iron was first separated as 
hydroxide^^^ v/ith caustic soda and then vanadium from the 
filtrate as ^ "205 . 
The complexes of Y, £a,Ge, Pr, Nd, 3m, Gd and 
Dy were likewise fused and dissolved in dilute hydrochloric 
acid. The rare - earth elements were precipitated 1*^2 ^^ 
oxalates with the help of ammonium oxalate at a pH of 
3 - 4 adjusted with the help of Bromothymol blue indicator. 
Iron was later' on precipitated as hydroxide after destroying 
oxalate. 
For: the estimation of chloride, separate samples 
were used. The weighed amount of the complex ^ r^as taken in 
a platinum, crucible, carefully covered with fusion mixture 
and gently fused. The fused mass was dissolved in dilute 
nitric acid and chloride estim-ated as silver chloride. 
For the determ-ination of water, a weighed 
o 
quantity of the corplex was heated to 80 C in an oven, 
dried in a vacuum desiccator over fused calcium.chloride 
for several hours and reweighed. The loss in weight gave 
the araoumt of water in the complex. 
Microanalysis was done for the determination of 
carbon, nitrogen and hydrogen. (Table no.49) 
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TABL£ NO.l 
fiSVSfiSE COHIXJCTQIIETfilC TITfiA37IOSS. 
(v ide Pig . I fo . l ) 

















































































































(a) 40 .nx. of 0.26 x lO'^ » . , . ^ [ „ ( o H ) , , o ] in t . . c a i . 
0.5 X lO-'li.OoOlaadded from te, b u r , t t , , 
0.335 X 10-^.CoOl, ,dd.d fron. « . . b u r . t t . . 
(c) 40 na of 0.125 x iO-2^ » r . 
0.25 X 10-^ M coci 7:. ' t^«(«)5HPll„ the c e l l . 



































o-o /•# 2 - 9 J • >^0 5-0 
I • 1 ; V : 1 1 1 ! • 11 
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TABLE NO. 2 
DIRECT QOSWGTCMMTSIO TITBATIOfi^ S. 
(Vide Pig.iro.2) 
Vol .of Ha2[ye(cai)5irdj Conductance in mhoe 
i ° « ^ « - (a) (b) (c) (d) 
































































































































(a) 40 Bl . of 0.25 x W ^ . O o O l j lo th« c e l l , 
0.6 X 1 0 - ^ . ».2[je(OH)5,o]aM.4 f „ « the burette. 
(b) 40 »1 . Of 0.166 X 10-%.0ocial„ the c e l l . 
0.333 X 10-l«.Ha2lJe((ai)5,o] added from the hur^tte. 
(c) 40 ml. Of 0.185 X 10-^.00012 in the c e l l . 
0.35 X 10-JM.Ba2tP.{0H)5,0ladded fro» the burette. 




y/vt. a^SQi^Um^m.yC^T^>ijtJirMJoC^ '^*^ ^-rtM, 
i i l ' I ' l i ' i H ' 
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TABLE NO.^ i 
REVERSE COHDUCTOMBTRIC TITRATIONS 
(vide Pig.No.3) 














































































































ih) 40 ml. of 0.166 X 10"'%.Na2(Pe(CN)5N0j In the c e l l , 
0.333 X 10""^ NiCl2 added from the b u r e t t e . 
(C) 40 ml. of 0.125 x 10*%!.Na2[Pe(CN)5N0] in the c e l l , 
0.250 X 1 0 ' % NiClg added from the b u r e t t e . 
(a) 40 ml. of 0.26 x 10"%.Na2(Fe(CN)5N0)in the c e l l , 
0.50 X 10"% NiCl2 added from the b u r e t t e . 
mm-
^uiC^y'i^^ OL . 
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TABLE NO.4 
RE7ERSB CONDUCTOMETRIC TITRATIONS. 
(vide Pig.No,4) 




0 . 4 
0 . 6 






2 . 0 
2 . 2 
2.4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 .4 
3 .6 
3 . 8 























































































(a) 40 ml. of 0.25 x 10-%. Na2[Pe(CN)5N0] in the ce l l , 
0.5 X 10"%. CdClg added from the burette, 
(b) 40 ml. of 0.166 x 10" %.Na2[Fe<CH)5N0jin the ce l l , 
0.333 X 10"%.CdCl2 added from the buret te , 
(c) 40 ml. of 0.125 x 10-%.Na2 [Pe<CN)5N0jln the c«41, 























eiHc^ 7a^i6, A/o.i/.) -- i t t t t im 
^ C a ^ » 
ffiSrSfe 






3 ' 0 t^'o 






DIRECT CONDUCTOMETRIC TITRATIONS. 
(vide Pig.No.5) 




0 . 2 
0 , 4 
0 . 6 






2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 .8 
3 . 0 
3 . 2 
3 . 4 
3 . 6 





























































(a) 40 ml. of 0.125 x 10 -2M. CdClg in the c e l l , 
0.25 X 1 0 " ^ . Na2 (Fe(CN)5N0j added from the tnarette, 
(b) 40 ml. of 0.10 X 1 0 - % . CdCl2 in the c e l l , 







REVERSE CQNDUCTQMBTRIC TITRATICNS. 
(vide Pig.No.6) 
Vol. of Conductance in mhos x IC^ 








































































































4 .0 14.50 8.000 6.88 4.160 
4.2 15.40 8.750 6.25 4.350 
4 .4 16.10 10.00 6.65 4.650 
4 .6 16.70 10.80 7.08 4.760 
4 .8 17.30 11,60 7.49 4.970 
6.0 17.90 12.40 7.84 5.180 
(a) 40 ml. of 0 .5 x 10-%.Ha2 [PeCClDgpo] in the c e l l , 
O.IM. ZnCl2 added from the b u r e t t e . 
(b) 40 ml. of 0.333 x 10-%.Ha2[Fe(CN)5N0]lii the c e l l , 
0.66 X 10~3M, ZnCl2 added from the b u r e t t e . 
(c) 40 ml. of 0.25 x 10-2M.Ha2 [Pe<CN)5N0]in the c e l l , 
0 .5 X 10*"^. ZnCl2 added from the biaret te. 
(d) 40 ml. of 0,20 X 10-%!.Ha2 (Fe(CN)5N0jin the c e l l , 
0.4 X 10"*%. ZnCl2 added from the b u r e t t e . 
^ • = 1 













V ^ . d ^ Z / « e Ci£o>^ii^ orv 3^&> 
TABLE NO.7 
DIRECT CCNDUCTOMETRIC TITRATIONS. 
(v ide Pig .No.7) 
Na2*[Fl(CN)5N0j Conductance in mhos x 10-2 
in mis . (a) <b) 
O'C* 1.190 1.160 
0«2 1.250 1,236 
^•4 1.280 1.280 
^•^ 1.310 1.320 
0.8 1.330 1.350 
1»0 1^370 1.390 
-•••2 1.400 1.430 
^•^ 1.430 1.450 
^•® 1.470 1.470 
^•S 1.480 1.480 
^•^ 1*605 1.525 
^•^ 1«540 1.575 
^•^ 1.560 1.612 
^•^ 1.590 1.665 
^•^ 1-640 1.740 
3 - ^ 1.670 1.784 
^•2 1.690 
^•^ 1.726 
^•^ 1.755 1.885 























(a) 40 ml. of 0.5 x 10-%. ZnClg in the cell, 
0.1 M.Na2 lFe(CN)5!I0] added from the burette. 
(b) 40 ml. of 0.333 x 10-%I. ZnCl2 in the cell, 
0,66 X 10-%. Hag tFe(CN)gNO] added from the burette. 
^fjr.//o^. ^CHJCC C^72£^4i£^ titroJtarn^ 
>- Cuy'LhJSzMi^ 
m 
i # j 






REVERSE CGNDUCTOMBTRIC TITRATIC3NS. 
(v ide Pig.No.8) 
V o l . of CtiCl2 Conductance In mhos x 10"^ 
In mis . (a) (b) <c) 
0 .0 1.330 1.106 1.150 
0 . 2 1.340 1.160 1.370 
0 , 4 1»360 1.200 1.410 
0 . 6 1.430 1.250 1,450 
0 .8 1.470 1.310 1.460 
1.0 1.610 1.350 1.540 
1.2 1.612 1.410 1.585 
1.4 1.725 1.470 1.670 
1.6 1.782 1.585 1.720 
1.8 1.820 1.750 1.750 
2 .0 1.920 1.870 1.770 
2 . 2 2.060 1.960 1.780 
2 . 4 2.160 2.130 1.785 
2 . 6 2 .270 2,380 1.800 
2 .8 2 .470 2.630 1.835 
3 . 0 2 .630 2.860 1.890 
3 . 2 2.700 3,030 1,960 
3 . 4 2,860 3.120 2.040 
3 . 6 3 .030 3 .180 2.100 
3 . 8 3 .180 3 .220 2.150 
contd-
- 48 -
4.0 3.330 3*280 2.200 
4 .2 3.500 3.330 2.220 
4 .4 3.700 3.380 2.320 
4 .6 3.920 3.430 2.380 
4.8 4.120 3.480 2.565 
5.0 4.33 3.530 2.756 
(a) 40 ml. of 0.25 x 10""%.Hag [Fe<Ca?)gNO]in the c e l l , 
0.5 X 10"*%. CUCI2 added from the b u r e t t e . 
(b) 40 ml. of 0.166 x 10-%.Na2 ( FeCClDgNOjin the c e l l , 
0.333 X lO"'%.CuCl2 added from the b u r e t t e . 
(c) 40 ml. of 0.126 x lO-%.Na2 [Pe(CN)5N0]in the c e l l , 
0.25 X 10" ^ .CuCl2 added from the b u r e t t e . 
-3=t3+ti±t irrarap: 








\/o€-'d-f C&f»foe.r C^fay-cdjL CJ-L :>-»&, , 
m i^ffiS 
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TABLE NO .9 
REVERSE CONDUCTOMETRIC TITRATIONS, 
(vide Fig .No .9) 
V o l . o f TiClo 
in mis . 
0 . 0 
0 . 2 
0 . 4 
0 . 6 






2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 . 4 
3 . 6 
3 . 8 
Conductance in mhos. 




















































































4.0 27.80 2.170 1.76 2.22 
4.2 28.60 2.220 1.85 2.38 
4 .6 32.90 2.330 1.92 2.70 
4 .8 38.40 2.370 1.96 2.84 
5.0 42.20 2.420 2.00 2.96 
(a) 40 ml. of 0.25 x IC'^'^Nag [Fe(CN)gN0lin the c e l l , 
0.5 X IC'-I^^ TiClg added froiri the b u r e t t e . 
(b) 40 ml. of 0.166 x lO'^I.IIag [FeCClOgHOjin the c e l l , 
0.333 X IC '%. TiClg added rem the b u r e t t e . 
(c) 40 ml. of 0.125 x 10"%'.Hag [Fe(GN)gH0] in the c e l l , 
0.25 X lO'^M. TiCl3 added from the b u r e t t e . 
(d) 40 m4. of 0.10 X 10""%.Na2 [ Fe(CN)gT^C]in the c e l l , 
0.20 X lO'-Hl.TiClg added from the b u r e t t e . 
j j i j t j t t i t i ^ : 
2/'»-* 
Cl^CcU, TO/JL A/a.9.J 
,!;-;_ li-U^-,. 
/ • » 
Vo/ • i3Hrr 72'/<3A,^<i»^^ C/^jnr-jLotM- (tru ytrXi, 
TABLE NO.10 
REVERSE CONDUCTOMETRIC TITRATIONS. 
(Vide Fig .No. 10) 
Vol. of PeSo^ Conductance in mhos, 
in mis. ^ (a) (b) (c) 
0.0 1.28x10-2 1,28x10-3 1.25x10-3 


































































































(a) 40 ml. of 0.25 x l0-%l.Na2 LFe(CN)5N0l in the c e l l , 
0 .5 X 10-IK. FeSo^ added from the b u r e t t e . 
(b) 40 ml. of 0.166 x l0-2K.Na2 [FeCaDgNolin the c e U , 
0.333 X 10-iK. FeSo^ added from the b u r e t t e . 
(c) 40 ml. of 0.125 x 10-2M.Na2 [FeCaOgNOJin the c e l l , 
0.25 X 1 0 " ^ . FeSo4 added from the b u r e t t e . 




^ 3 « - -
Cl/caCu T<iA^ A/o./'o.J 
TABLE NO.11 
DIRECT CONDUCTOMETRIC TITRATIORS. 
(v ide Fig .No.11) 
V o l . of 
Nag [FeCCTDgNO] 
in m i s . 
0 . 0 









2 , 0 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 , 2 
3 .4 
3 ,6 
























































































(a) 40 ml. of 0.25 x lO-SM.KnClg in the c e l l , 
0.5 X 10-lM.Ha2 [PeCClOgNO] added from the bu re t t e . 
(b) 40 ml. of 0.166 x lO-^M.MnClg in the c e l l , 
0.333 X 10-:iM.Na2 [Fe(ON)5No]added from the buret te , 
(c) 40 ml. of 0.10 X lO-^M.MnClg in the ce l2 , 
0.20 X 10-3^.Nag [Fe<CN)5N0]added from the bu re t t e . 
Tf:3i;5 f^fife33S^ 




v / ^ . oY ^d><j6a5i»z->2i/>o^>«Jf^<5c:^/''>t >»^6b. 
/ 
TABLE NO. 12 
REVERSE CONDUCTOMETRIC TITRATIONS. 
(v ide Fig.No.12) 
V o l . Of AgN03 
in m i s . 
C O 
0 . 2 
0 .4 
0 . 6 






2 . 0 
2 , 2 
2 .4 
2 . 6 
2 . 8 
3 .0 
3 . 2 
3 . 4 
3 . 6 
3 , 8 






















































































4 . 0 2.197 1.780 1.680 1.754 
4 . 2 2.220 1.800 1.690 1.785 
4 . 4 2.270 1.810 1.720 1.818 
4 . 6 2.320 1,850 1.750 1.851 
4 . 8 2.380 1.880 1.780 1.886 
5.0 2.440 1.923 1.810 1,923 
(a) 40 ml . of 0 . 5 X lO-^M.Nae [Fe(CN)5N0] in t h e c e l l , 
0 . 1 X lO"^-I..\gNo3 added from t h e b u r e t t e . 
(b) 40 ml . of 0 .333 x lO~3M.Na2 [Fe(GW)5No] in t h e c e l l , 
0 .S6 X 10""%,.\gNo3 added from t h e b u r e b t e . 
(c ) 40 ml . of 0.166 x iQ-^M.Nag [Fe(GN)5N0] in t h e c e l l , 
0 .33 X 10-2M,.\gNo3 added from t h e b u i ' e t t e . 
(d) 40 ml . of 0 .25 x lO-^l .Na^ [ ?e(GIT)glic] i n t h e c e l l , 
0 . 5 X 10"%.AgNo3 added from t h e b u r e t t e . 

TABLE WO.13 
DIRECT COM)UCTOMETRIC TITRATION:>, 
(v ide Fig .Ho. 13) 
V o l . of 
NagCFeCClOgNOj 
in m i s . 
0 . 0 
0 . 2 
0 . 4 
0 . 6 






2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 , 4 
3 . 5 
3 . 8 





















































































4.0 2.272 1.769 1.315 3.921 
4.2 2,298 1.7S5 1.785 4.000 
4.3 2.380 1.351 2.000 4.332 
4.3 2.439 1.386 2.000 4.491 
5.0 2.500 1.386 2.150 4.601 
(a) 40 ml. of 0,5 x 10"%.AgNo3 In the cell, 
0.5 X lO-^!.Na2 LFe(CN)5N0] added from the burette. 
(b) 40 ml, of 0,25 x IQ-^ M.^ IgNog in the cell, 
0.25 X 10-1 -M.Nag [FeCClOgNo] added from the bu re t t e . 
(c) 40 ml. of 0,10 X 10 -%..\gN03 in the c e l l , 
0 .1 X lO-^M.NaeCFeCClO^NO] added from the bu re t t e . 
(d) 40 ml. of 0,56 x 10-%.,\gNo3 in the c e l l , 
0.S6 X lO"%'l.Na2 [FeCClOgNOj added from the b u r e t t e . 
,it±t 
* 
lij<c^ TaA/sL. Mo 
T.l3I,ii; NO. 14 
DIRECT COIVDUCTOMETRIC TITRATIff S, 
( v i d e F i g . N o . 1 4 ) 
V o l . o f 
Nag [FeCOOsKOj 
i n m i s . 
0 . 0 
0 . 2 
0 . 4 
0 . 6 






2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 , 4 
3 . 6 
3 . 8 
Conduetar 
( a ) 
1.300x10" 
2 . 1 3 0 
3 . 1 2 0 
4 . 5 5 0 
6 . 2 6 0 












l . c 9 C 
1.720 
1 .820 
ice i n rahos, 
(b) 
•3 1.330x10-
2 . 0 0 0 
3 . 1 2 0 
4 . 3 5 0 
6 . 6 6 0 
1.410x10-






2 . 0 4 0 
2 . 1 8 0 
2 . 2 2 0 
2 . 2 7 0 
2 . 3 3 0 
2 . 4 2 0 
2 . 5 6 0 
2 . 6 3 0 
( c ) 
-3 1.300x10- ' 
1.610 
2 . 0 4 0 
2 . 5 0 0 
3 . 1 2 0 
•2 4 . 3 4 0 
5 .260 
5 .880 













4 . 0 1.890 2.700 1,520 
4 . 2 1.960 2.780 1,540 
4 . 4 2.040 2,860 1.560 
4 . 3 2.050 2.940 1.590 
4 . 3 2 .080 3.020 1.320 
5.0 2.120 3.100 1.640 
(a) 40 ml . of 0 . 5 x lO-^.IIg(1^03)2 in t h e c e l l , 
O.LM,Na2 [Fe(CN)5N0j added from t h e b u r e t t e . 
(b) 40 ml . of 0 .333 x 10"%.Ilg(1103)2 in t h e c e l l , 
0 .66 X lO~^>I.Ha2 [Fe(ClO5N0Jadded froji. t h e boi'efcae, 
(c) 40 ml . of 0 .25 x 10-%.Ilg(1103)2 in t h e c e l l , 
0 .50 X 10"'^^.Na2 fFe(CN)5N0jadded from t h e burefcfce. 








\/OT.. Q^ S4^et/4:/m/uA^f4ycM^<gO, fit nuL 
TABLE NO.15 
REVfiRaE GOllDUGTOfiETHiG TITRAlia^IS . 
(v ide Fig .No.15) 
V o l . of 
Hg (1100)2 
in m i s . 
0 . 0 
0 . 2 
0 . 4 





1 . 0 
1.3 
2 . 0 
2 . 2 
2 . 4 
2 . 3 
2 . 8 
3 . 0 
3 , 2 
3 . 4 
3 . 3 
















































1 / ^ ."^ - • " 







































4.0 3.921 2.777 3.571 2.352 
4.2 4.000 2.857 3.703 2.439 .J 
4.4 4.566 3.030 4.000 2.500 
4 .5 4.761 3.225 4.166 2.554 
4 .3 5,000 3.448 4.347 2.564 
5.0 5.263 3.703 4.545 2.702 
(a) 40 ml. of 0.26 x lO-2M.Na2 tFe(GN)gllO) in the c e l l , 
0.5 X lO-lM.Hg(1^03)2 added from the bui 'e t te . 
(b) 40 ml. of 0.165 x 10'%I.Ka2 [FeCClOgNOjin the c e l l , 
0.333 X 10"%.Ilg(1^103)2 added from the buretbe. 
(c) 40 ml. of 0.125 x 10-%.!.Nag ^Fe(CIOg^Jo]in the c e l l , 
0.25 X 10"%.Hg(N03)2 added from the b u r e t t e , 
(d) 40 ml, of 0.10 X lO-^i.Nag [FeCClOgNOj in the c e l l , 




REVERSE GdlDUCTOMSTRIG TITRATIONS, 
(vide Fig.No.16) 
V o l . Of 
VoClg 
In m i s . 
0 , 0 
0 . 2 
0 . 4 
0 , 3 






2 . 0 
2 . 2 
2 . 4 
2 , 3 
2 , 3 
3 . 0 
3 . 2 
3 . 4 
3 . 3 
3 . 3 
Conductance in mhos x I C ^ 




















































































































^-2, (a) 40 ml. of 0.5 x IC' K.Hag [Fe(CN)gN0jin the c e l l , 
0,114. V0CI2 added from the b u r e t t e . 
(b) 40 ml. of 0.25 x lO'^^.Eag [ Fe(OT)5M0] in the c e l l , 
^Iv 0.5 X lO-^ K. VoClg added from the bure t te . 
(c) 40 ml. of 0.166 x 10"'^ M.Na2 [,Fe(CN) NO] in the c e l l , 
.Irr 0.333 X 10-^ K. V0CI2 added from the burette. 
- ^ (d) 40 ml. of 0.125 x lC'""'M.Na2 [Fe(CF)gNOj in the c e l l , 
0.25 X 10"T '^ . V0CI2 added from the b u r e t t e . 

TABLE NO. 17 
DIRECT CONDUGTQMETRIC TITRATiaiS . 
(v ide Plg.TTo.17) 
V o l . of Conductance in mhos x 10"^ 
Na2 [FeCCIO 51^0] 
i n m i s . (a) (b) (c) (d) 
0 .0 1,190 1.470 1.538 1.250 
0 .2 1.266 1.S12 1.366 1.333 
0 .4 1,333 1,318 1.351 1.449 
0 . 3 1.428 2,040 2.040 1,566 
0 . 3 1.515 2,500 2.272 1.366 
1.0 1.538 2.702 2.500 1.318 
1.2 1.512 3.030 2.700 1.383 
1.4 1.594 3.448 3.030 1,960 
1.6 1,754 3,346 3.448 2,000 
1.3 1,786 4 .546 3.347 2.040 
2 .0 1,960 5.382 4 .545 2.325 
2 .2 2.000 6.451 5.555 2.439 
2 . 4 2 .083 6.396 6.250 2.564 
2 . 5 2 .173 7.407 6.366 2.702 
2 .8 2.272 8.395 6.398 3.030 
3 .0 2.325 10.00 7.142 3.225 
3 .2 2 ,380 11 ,11 7.407 3 .571 
3 . 4 2.564 11.52 8.333 3.703 
3 .6 2 .366 12.50 8.396 3.346 
3 . 3 2.739 13,33 10.00 4.000 
con td -
4 . 0 
4 . 2 
4.4 
4 ,3 


























(a) 40 ml. of 0 ,5 x iQ-SM.YoClg in the c e l l , 
0.lM.Na2 [FeCClOsNOj added from the b u r e t t e . 
(b) 40 ml. of 0.26 x lO-SM.VoGIg in the c e l l , 
0.5 X lO-l^-I.Nag [FeCClDgNoJ added from the bu re t t e . 
(c) 40 ml. of 0,166 x lO-%.VoCl2 in the c e l l , 
0.333 X lO-lf'I.Na2 [PeCC^D^NoJ added from the buret te , 
(d) 40 ml. of 0.125 x lO-SM.VoClg in the c e l l , 
0.25 X lO""^.Na2 tPeCClOgNo] added from the b u r e t t e . 
M^ 
TABLE NO.18 
REVERSE CONDUCTOMETRIG TITRATIOKS. 
(v ide Fig .No. 18) 
V o l . of LaClo 
in m i s . 
0 . 0 
0 ,2 
0 . 4 
0 . 6 






2 . 0 
2 . 2 
2 . 4 




3 . 4 

























































































4,0 2.357 2,351 2.777 3.333 
4.2 2.941 2,398 2,398 3.571 
4 ,4 3.030 2,941 2,941 3,703 
4 .3 3,126 2,985 3,030 3,773 
4 ,3 3,226 3,030 3.125 4,000 
5,0 3,448 3,076 3,174 4,040 
(a) 40 ml, of 0 .5 x 10-2M.Na2 [Fe(CK)5N0j in the c e l l , 
O.lt^ LaClo added from the b u r e t t e . 
(b) 40 ml. of 0.25 x lO-%.Na2 [ FeCClOgNOjin the c e l l , 
0 .5 X 10"% LaGl3 added from the b u r e t t e . 
(c) 40 ml, of 0.166 x 10"2M.Nag [ FeCClOgNOJ in the c e l l , 
0.333 X 10~XM LaCl3 added from the b u r e t t e . 
(d) 40 ml, of 0,125 x lO-S^.^ag [Fe(CN)5N0Jin the c e l l , 







DIRECT CONDUCTOMETRIC TITRATIWa. 
(v ide Fig .No.19) 
V o l . of 
Na2 [FeCClOsNg 
in m i s . 
0 , 0 
0 , 2 









2 . 2 
2 . 4 




3 . 4 

























































































4 . 0 1.851 1.562 1.785 2.247 
4 . 2 1.S86 1.587 1.301 2,272 
4 . 4 1.323 1.612 1.818 2.325 
4 . 6 1.960 1.639 1.834 2.409 
4 . 8 2.000 1.560 1.851 2.500 
5 .0 2.020 1.694 1.872 2.531 
(a ) 40 m l . of 0 .25 x lO-2M.LaCl3 in t h e c e l l , 
0 .5 X 10- ^ . N a 2 [FeCaOsNOj added from t h e b u r e t t e . 
(b) 40 ml . of 0 .166 x lO-SM.LaClg in t h e c e l l , 
0 .333 X lO-lM.Na2 [PeCClOgNO] added from t h e b u r e t t e . 
(c ) 40 ml . of 0 ,125 x 10-2M.LaCl3 in t h e c e l l , 
0 .25 X lO-lM.Nag tFe(GN)5N0J added from t h e b u r e t t e . 
(d) 40 ml. of 0 . 5 x lO-^I .LaClg in t h e c e l l , 
O.lM.Nag [Fe(CN)gNOj added from t h e b u r e t t e . 

TABLE NO.20 j-axiUi, ,
(vide Fig.No.20) "'''•^ *"^ -
V o l . o f CeClo 
in m i s . 
0 .0 
0 . 2 
0 . 4 
0 , 6 





l . S 
2 . 0 
2 . 2 
2 .4 
2 . 6 
2 . 8 
3 .0 
3 . 2 
3 , 4 
3 . 6 
3 .8 




















































































































(a) 40 ml. of 0.26 x l0-2M.Na2 [ FeCClOsNoJ in the c e l l , 
0.5 X 10-lW, CeGl3 added from the b u r e t t e . 
(b) 40 ml. of 0.166 x lO-2H,Na2 fFe(CN)5Ho]in the c e l l , 
0.333 X 10-1M. CeCl3 added from the b u r e t t e . 
(c) 40 ml. of 0.126 x 10-2M.Na2 [Fe(CN)5N0]in the c e l l , 
0.25 X 10~1M. CeCl3 added from the b u r e t t e . 
(d) 40 ml. of 0,10 X 10-3M.Na2 [FeCClOsNOJin the c e l l , 


































DIRECT CONDUCTOMETRIC TITRATIONS. 
(vide Fig.No.2l) 
V o l . of 
Na2 fFe(GN)5N0j 
in m i s . 
0 . 0 
0 . 2 
0 . 4 
0 . 6 






2 , 0 
2 . 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 . 4 
3 . 6 























































































4 . 0 
4 . 2 
4.4 
4 . 6 


























(a) 40 ml. of 0.25 x lO-SM.CeClg in the c e l l , 
0 .5 X lO-^.Na2 tFeCCN)^!^©] added from the b u r e t t e . 
(b) 40 ml. of 0.166 x lO-2M,GeCl3 in the c e l l , 
0.333 X 10-lM.Na2 |^Fe(CN)5N0] added from the buret te , 
(c) 40 ml. of 0.125 X lO-SM.CeClg in the c e l l , 
0.25 X lO-lM.Nag [PeCClDgNo] added frora the bu re t t e . 
(d) 40 ml. of 0.10 X 10-%.CeGl3 in the c e l l , 




^ (U^ri>e »• 
TABLE NO.22 
DIRECT CONDUCTOMETRIC TITRATIONS. 
(vide Fig.No.22) 
V o l . of 
Na2 LFe(CN)5N0] 











2 . 0 
2 .2 
2 .4 





3 , 6 
3 .8 























































































4,0 3,225 2,500 2,000 2.380 
4 ,2 3.448 2,564 2,083 2,439 
4,4 3,703 2,600 2,127 2.500 
4.6 4.166 2.671 2.127 2,564 
4.8 4.347 2.700 2.222 2.702 
5.0 4.450 2.740 2.272 2.857 
(a) 40 ml. of 0.25 x lO-^ .P rClg in the c e l l , 
0 .5 X 10-lK.Na2 [PeCClOsNo] added from the bu re t t e , 
(b) 40 ml. of 0,166 x lO-^ .PrClg in the c e l l , 
0,333 X lO-%.Na2 [FeCCN)^!^] added from the b u t e t t e . 
(c) 40 ml, of 0,125 x lO-%l,PrCl3 in the c e l l , 
0.25 X 10-^ .Nag [Fe(GN)5No] added from the bu re t t e . 
(d) 40 ml, of 0.10 X 10-%.PrCl in the c e l l , 
0.20 X 10-2M.Na2 [Fe(CN)5N0] added from the b u r e t t e . 
« ^ 
M^ Soclui7nnc/>vJb7<i4^1^cc^ ^z -^fjO, 
TABLE NO.23 
REVERSE CONDUGTOMETRIC TITRATIONS,. 
(vide Fig,No.23) 
Vol^of PrCl3 
in m i s . 
0 , 0 
0 , 2 
0 . 4 
0 . 6 






2 . 0 
2, (1 , 
2 . 4 
2 . C 
2 . 8 
3 . 0 
O . o 
3 . 4 
3 . 6 































1 . f o O 
1.818 
2,072 
w . CtCtxJ 

















































2 . o 8 ( j 
2.439 
2 . 500 
4.C 
4 . 2 
4 . 4 
4 . 6 


























(a) 40 ml, of 0.25 x lO-SM.Fag [FeCC^^sNOj in the e e l ] , 
0 .5 X 10-3^! PrCl3 added from the b t i re t te . 
(b) 40 ml. of 0.166 x 10-%.Ha2 LFeCClOsNo] in the c e l l , 
0.333 X lO-^Yi PrCl3 added from the b u r e t t e . 
(c) 40 ml. of 0,125 x lO-S^jj^g [FeCCN)^^} in the c e l l , 
0,25 X 10-iM PrCl3 added from the b u r e t t e . 
(d) 40 ml. of 0 .1 X l0 -%.na2 [Fe(CN)5N0j in the c e l l , 
0.20 X 10-% PrCla added from the b u r e t t e . 
'l^^:^t^JGti>^£Oc^»ljUim eJUoyitU. /n Xn^, 
TABLE NO.24 
REVERSE COMDUCTOMSTRIC TITRATIONS. 
( v i d e Fig.Ho.24) 
Vo l .o f NdClg Conductance in mhos x lC-3 
in mi s . (a) (b) 
O.C 1.142 1,135 
0 .2 1,300 1,175 
0 . 4 1.44C 1.220 
O.G 1.610 1.330 
O.S 1.720 1.4C0 
1,0 1,800 1.430 
1.2 1.920 1,580 
1.4 2,000 1.660 
1.6 2,080 1,720 
1.8 2.140 1,810 
2 ,0 2,220 1,880 
2 , 2 2.320 1,960 
2 ,4 2,380 2,000 
2 , 6 2 .500 2,060 
2 ,8 2,560 2,150 
3 ,0 2,660 2,270 
3 ,2 2,740 2.350 
3 ,4 2,760 2,380 
3 ,6 2,790 2.470 




















(a) 40 ml. of 0.25 x 10-2M.Na2 [Fe(CM)5N0j in the c e l l , 
0 .5 X lO^^l.HdClg added from the bui-ette. 
(b) 40 ml. of 0.166 x 10"%.Nag [FeCClOgNoJ in the c e l l , 
0.333 X lO-^I,NdCl3 added from the b u r e t t e . 
0-C 
•.QrStXr. 









TABLE NO .26 
REVERSE CONDUCTOMETRIC TITRATIONS. 
(vide Fig.Ho.25) 
V o l . c f SinCl3 
i n m i s . 
0 . 0 
0 , 2 
0 . 4 
O.G 
O.S 




l . S 
2 . 0 
2 , 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . ^ 
3 . 4 
3 . 6 
3 . 8 
Conductanc 
( a ) 
0 , 6 6 6 
1.540 
2 . 8 3 0 
4 , 3 5 0 
7 . 1 5 0 
1 3 , 5 0 
1 5 , 6 0 
2 0 . 0 0 
<^2,<i.C 
2 6 , 3 0 
2 7 , 0 0 

































4 . 2 
4 . 4 
4 . 6 
4 . 8 
5.C 












( a ) 40 ml . of 0 .25 x 10-2M.Na2 [FeCClOgNo] in t h e c e l l , 
0 . 5 X 10-^!.SinCl3 added from t h e b u r e t t e . 
(b) 40 ml . of 0 .125 x lC~%.Na2 [Fe(CN)5NoJ in t h e c e l l , 
0 .25 X lO""lM.£mGl3 added from t h e b u r e t t e . 
O-o —J to ^ ^ 3 c » <i •© 
Vc^. Orf S^>na>eM?7i C^£o>lele fyi >ni^~ 
: pcrnitar !-:t"t:'r +W fittttotrrSttfeStfiffitSr 
i 
TABLE NO.26 
REVERSE COKDUCTOMETRIC TITRATIOIIS. 
( v i d e F i g . N o . 2 6 ) 
V o l . c f GdCl3 Conduc tance i n mhos x 10-
i n m i s . ( a ) (b) 
^ • ^ 0 . 1 9 1 
^ • ^ 0 . 5 9 0 
0 . 4 





^ • ^ 2 . 6 3 0 
^ • ^ 3 . 5 7 0 
•^•^ 4 . 5 5 0 
^ • ^ 5 .550 













^ • ^ 10.80 
^ • ^ 11.50 
^ • ^ 12.20 
^ • ^ 12,80 
^ • ^ 13.70 
^ • ^ 14.05 




























(a) 40 1.1. of 0.25 x lO-^ .N^^ [Feian^JC] in the c e l l , 
0.5 X lO-lK GdClg added fron the b u r e t t e . 
(b) 40 ml. Of 0.125 x l O ' ^ . ^ a ^ [Fe(CII)^Ic] in the c e l l , 
0.25 X 10-% GdCl3 added from the b u r e t t e . 
mm ttrt^ m^ -m m^ 
^ ^ / ^ ^ 
TABLE NO.27 
REVERSE COHDUCTOMETRIC TITRATIONS, 
( v i d e F i g .No .27) 
V o l . o f DyCl3 Conduc t ance i n mhos , 
i n m i s . ( a ) (b) 
O.C 0 . 1 1 1 x 1 0 - 2 1 .136x10-3 
0 . 2 0 . 1 5 4 1.162 
0 . 4 0 . 2 2 2 1.176 
0 , 6 0 , 3 0 3 1.219 
0 . 8 0 . 3 8 4 1,250 
1.0 0 . 4 5 5 1 .265 
1,2 0 , 5 4 0 1,298 
1,4 0 . 6 2 5 1,333 
1.6 0 . 7 1 5 1,369 
1.8 0 , 8 0 0 1 ,388 
2 . 0 1.000 1 ,444 
2 , 2 1,040 1,470 
2 , 4 1,110 1.492 
2 . 6 1 ,175 1 ,515 
2 , 8 1.230 1,562 
3 , 0 1.280 1,587 
3 , 2 1,370 1,612 
3 , 4 1,450 1,666 
3 . 6 1,490 1,694 
3 . 8 1,560 1.724 



















(a ) 40 ml . of 0 .25 x 10-2M.Na2 [FeCClT)^^) in t h e e e l ] , 
0 . 5 X 10"lM.DyCl3 added from t h e b u r e t t e . 
(b) 40 m l . of 0.125 x lO~%l,Fa2 [FeCCN)"^ in t h e c e l l , 




REVERSE CONDUCTOMETRIC TITRATIOI>ia. 
(v ide Fig.No,28) 
Vo l .o f YClo Conductance in mhos x 10-2 
in mls."^ (a) (b) 
0.0 0.139 0.118 
0 .2 0 .192 0.200 
0 . 4 0 .263 0.250 
0 .6 0.400 0 .333 
0 .8 0.500 0 .455 
1.0 0 .605 0 .555 
1.2 0.770 0.666 
1.4 1.000 0,770 
1.6 1.540 0,902 
1.8 1.580 1.000 
2 .0 1.635 1.180 
2 .2 1.730 1.660 
2 . 4 1.880 1.750 
2.6 2.040 1.920 
2 .8 2.130 2,080 
3 .0 2.350 2.170 
3.2 2,560 2.380 
3 ,4 2.630 2„500 
3 .6 2,700 2.620 
3 .8 2,940 2,700 



















(a) 40 ml. of 0.25 x 10-2M.Fa2 [Pe(CN)5No] in the c e l l , 
0.5 X lO-^K YCI3 added from the b u r e t t e . 
(b) 40 ml, of 0.227 x lO'SM.Nag [PeCClOgNo] in the c e l l , 
0.45 X 10~lM.YCl3 added from the b u r e t t e . 
^(g.No^XQ. "^^a^ervc 
S i J-2.-<« <f-8n 
(^2^^^ 7a.4AM^2.^^ 
>-<Car2>e -^ 
^« iiay2>£ a . 
va&me crf yi^oi^^jSanct^^ 
TABLE NO.29 
DIRECT THEBMOMETRIC TITRATIONS, 
(vide Fig.No.29) 
V o l . o f 
Nag [Fe(CN)^NOj 
i n m i s . 
0 . 0 
0 . 2 
0 . 4 
0 . 6 






2 . 0 
2 , 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 . 4 
3 . 6 
3 . 8 
Change 
( a ) 
0 . 0 0 0 
0 . 0 1 0 
0 . 0 1 0 
0.C30 
0 . 0 4 5 
0 . 0 6 0 
0 . 0 7 0 
0 . 0 9 0 
0 . 1 0 0 
0 . 1 1 0 
0 . 1 2 0 
0 . 1 3 0 
0 . 1 5 0 
0 . 1 7 0 
0 . 1 9 0 
0 . 1 9 5 
0 . 2 1 0 
0 . 2 2 5 
0 . 2 3 5 
0 . 2 5 0 
i n t e m p e r a t u r e 
(b) 
0 . 0 0 
0 . 0 4 
0 . 0 5 
0 .C6 
0 . 0 7 
0 . 0 8 
0 . 0 9 
0 . 1 0 
0 . 1 1 
0 . 1 2 
0 . 1 6 
0 . 1 7 
0 . 2 3 
0 . 2 4 
0 . 2 6 
0 . 2 9 
0 . 2 9 
0 . 3 0 
0 . 3 4 
0 . 3 6 
i n cen 
(c ) 











0 . 1 4 0 
0 . 1 5 5 
0 . 1 7 0 
0 . 1 7 5 
0 .200 
0 . 2 1 0 
0 . 2 2 5 



























(a) 40 ml . of 0 . 1 x lO-^J^.GdClg in t h e thermos f l a s k , 
2 .0 X 10-lK.Na2 [Fe(CN)5N0j added from t h e b u r e t t e . 
(b) 40 ml , of 0 . 5 X 10-2M CdClg Irx t h e thermos f l a s k , 
0.1M.Na2 [Fe(CN)5M0j added fro© t h e b u r e t t e . 
(c) 40 ml , of 0 .333 x 1 0 - 2 M CdCl2 in t h e thermos f l a s k , 
0 ,66 X lO-l-M.Na2 [Fe(CN)5N0] added from t h e b u r e t t e , 

TABLE NO.30 
REVERSE THERMOMETRIC TITRATIONS. 
( v i d e P i g . N o . 3 0 ) 
V o l . o f CdCl2 Change i n t e m p e r a t u r e i n c e n t i g r a d e , 
i n m i s . ( a ) (b) 
0 . 0 O.COO 0 . 0 0 0 
0 . 2 0 . 0 0 5 0 . 0 1 0 
0 . 4 O.CIO 0 . 0 2 0 
0 . 6 0 . 0 1 0 0 . 0 2 5 
0 . 8 0 . 0 1 5 0 . 0 4 0 
1.0 0 . 0 2 0 0 . 0 6 0 
1.2 0 . 0 3 0 0 . 0 8 0 
1 .4 0 , 0 4 0 0 . 1 0 0 
1,6 0 . 0 5 0 0 . 1 2 0 
1.8 0 . 0 6 0 0 . 1 4 0 
2 , 0 0 . 0 7 0 0 . 1 6 6 
2 , 2 0 . 0 7 5 0 . 1 7 5 
2 , 4 0 , 0 7 5 0 . 1 9 0 
2 . 6 0 . 0 8 0 0 . 2 1 0 
2 , 8 0 . 0 8 2 5 0 . 2 2 0 
3 . 0 0 . 0 8 5 0 . 2 3 5 
3 . 2 0 . 0 9 0 0 . 2 5 0 
3 . 4 0 . 0 9 5 0 . 2 8 0 
3 . 6 0 . 1 0 0 0 . 3 0 0 
3 . 8 0 . 1 0 5 0 . 3 2 0 


















(a) 40 ml. of 0.333 x lO-^i.Nag [FeCClOgNOjin the thermos flas 
0,66 X 1 0 - ^ CdGl2 added from the b u r e t t e . 
(b) 40 ml. of 0.25 x 10-%.Na2 [.FeCClDgNO] in the thermos flas 
0.5 X 10-^1 CdClo added from the b u r e t t e . 
ifeffiigS: 
TABLE NO.31 
DIRECT THERMOKETRIC TITRATIONS. 
(v ide Fig .No .31) 
V o l , of Change in t empera tu re cen t ig rade , 
Na2 [Fe(CN)5N0j 
in m i s . (a) (b) 
0 .0 O.COO 0.000 
0 .2 O.COO 0.020 
0 . 4 0 .005 0,030 
0 .6 0.010 0.040 
0 . 8 0.010 0.050 
1.0 0 ,015 0.060 
1.2 0.020 0.070 
1.4 0.020 0.080 
1.6 0 ,025 0.100 
1.8 0 .025 0 .115 
2 . 0 0.030 0.130 
2 .2 0.030 0.150 
2 .4 0 ,035 0.170 
2 . 6 0.040 0.190 
2 .8 0.060 0.220 
3 ,0 0.070 0.230 
3.2 0.100 0 .245 
3 .4 0 .115 0 .265 
3 .6 0.130 0.290 




















(a) 40 ml. of 0 .1 x lO-^M.HgGlg in the thermos f lask, 
2.0 X 10-'lM.Na2 [FeCCN)^!^] added from the bur-ette. 
(b) 40 ml. of 0 .5 X lO-SM.HgClg in thermos f lask, 
0,lM.Na2 [Fe(CN)gN0] added from the b u r e t t e . 

TABI£ 110.32 
REVERSE THSR140KETRIC TITRATIONS. 
(v ide Fig .No.32) 
^°*^iS^mll^'^^^^^ ^^^^^ ^ temperatur-e i n cen t ig rade . 
^*^ 0.000 0,000 
^ •2 0.010 0 .005 
° ' ^ 0.030 0.010 
^•S 0.050 0 .015 
^ •2 0 .075 0.025 
^•^ 0 .095 0 .035 
1*2 0.130 0.040 
1*4 0.170 0.050 
1*^ 0.200 0,060 
1»8 0.230 0.070 
^•0 0.260 0 .075 
2»2 0.280 0 .085 
2*4 0.300 0 ,095 
2*6 0.320 0.106 
2»8 0,340 0,110 
3*0 0.370 0 .315 
3*2 0.390 0.120 
3«4 0.420 0 ,125 
3 . 6 0.460 0.130 




















(a) 40 ml. of 0,25 x 10"2M.Na2 FeCClOgNG in the thermos fl^k, 
0,5 X 10'"^4,Hg(Woi)added from the b u r e t t e . 
(b) 40 ml. of 0.125 x 10"%.Nag Fe(CN)5^I0 in the thernos flask, 
0.25 X 10-%.Kg(NO^'^added from the b u r e t t e . 

TABLE NO.33 
REVERSE THERMOKETRIG TITRATIOMS. 
( v i d e F i g . N o . 3 3 ) 
V o l . o f N iCl2 Change i n t e m p e r a t u r e i n c e n t i g r a t e 
i n m i s . ( a ) ( b ; ( c ) 
0 . 0 0 , 0 0 0 0 . 0 0 0 0 . 0 0 0 
0 . 2 0 , 0 2 0 0 . 0 0 5 0 ,020 
0 . 4 0 , 0 4 5 0 , 0 1 0 0 .C45 
0 . 6 0 . 0 7 0 0 . 0 1 5 0 . 0 7 0 
0 . 8 0 , 0 9 0 0 . 0 3 5 0 . 1 0 0 
1.0 0 . 1 1 0 0 . 0 5 0 0 . 1 4 0 
1.2 0 . 1 3 0 0 . 0 5 5 0 . 1 8 0 
1.4 0 , 1 4 5 0 . 0 7 0 0 . 2 2 0 
1.6 0 . 1 5 5 0 . 0 8 5 0.25C' 
1.8 0 . 1 6 5 0 . 1 0 0 0 . 2 9 5 
2 . 0 0 . 1 7 5 0 . 1 2 5 0 , 3 3 5 
2 . 2 0 . 1 8 0 0 . 1 3 5 0 . 3 5 0 
•d,4: 0.185 0.145 0.360 
2.6 0.190 0.160 0.370 
2.8 0.195 0.175 0.395 
3.0 0.205 0.195 0,405 
3.2 0.215 0.205 0.420 
3.4 0,220 0.215 0.425 
3.6 0.225 0.225 0.430 
3.8 0.230 0.235 0.435 
contd-
0 . 2 3 5 
0 , 2 4 0 
0 . 2 4 5 
0 . 2 5 0 
0 . 2 5 5 
0 . 2 6 0 
0 . 2 4 5 
0 , 2 5 5 
0 , 2 6 5 
0 , 2 7 5 
0 . 2 8 5 
0 , 2 9 5 
0 » 440 
0 . 4 4 5 
0.45C' 
0 . 4 5 5 
0 . 4 6 0 
4 ,0 
4 ,2 
4 . 4 
4 . 6 
4 . 8 
5,0 
(a )40 ml , of 0 .25 x 10-2M.Na2lFe(CN)5NoJin t h e thermos f l a s k , 
0 . 5 X l0-lM.NiCl2 added frum t h e b u r e t t e , 
(b)40 ml . of 0 .166 x 10-2i4.i,T3^^pe(cN)gKo]in t h e thermos f l a sk , 
0 .333 X 10-1*1.NiCl2 added fro:;: t h e bu i - e t t e . 
(c)40 ml . of 0 .125 x 10""%I.Na2tFe(CN)5NC)] in t h e ther-nos f l a sk , 
0 .25 x lO-lM.NiClg added from t h e bu i ' eb te . 

TABLE NO.34 
DIRECT THERI'^ OMSTHIG TITHATIOC'I.]. 
(v ide Fig.No.34) 
V o l . of Chamge in tempera ture in c e n t i g r a d e . 
i-a^ Uewi-y^xjuj 









l . S 








































































(a) 40 ml, of 0.1 x IO-I1I.C0GI2 in the thermos f lask, 
0.2 K.Na2 lFe(CN)5N0] added from the b u r e t t e . 
(b) 40 ml. of 0.5 x 10-2M,COC12 in the thermos f lask, 
0 .1 M.Na2 [PeCClOsNOj added from the b u r e t t e . 
^ii^'9^^^^ t^u/uo-rv^ 
TABLE LI0.35 
RiWdRSE THERl^ lOMETRIG TITHATI»I3. 
(v ide Fig .No .35) 
Vol .o f CoGlg Change in t empera tu re in cen t ig rade , 
in m i s . (a) (b) 
0*0 0.000 0,000 
0*2 0.010 0.000 
0*4 0 .015 0 .005 
0 . 6 0 .025 0 .015 
0»3 0 .035 0 .025 
1»0 0.040 0.030 
^•2 0.050 0.035 
1»4 0.060 0.046 
1»*5 0.070 0.056 
1»8 0.070 0.060 
2 . 0 0.080 0 .075 
2 .2 0 .035 0.080 
2 . 4 0 .105 0 .085 
2 . 5 0.110 0,090 
2 . 3 0 ,120 0 ,095 
3 .0 0 .125 0.100 
3 .2 0.130 0 .105 
3 ' 4 0 .135 0.110 
3 .6 0.140 0 .115 




















(a) 40 mi. of 0.25 x lO-2M.Na2 [FevClOsIJOjin the therr.os flasl< 
0.5 X 10"%.CoCl2 added from the b u r e t t e . 
(b) 40 ml. of 0.125 x 10-2M.Na2(?e(GN)5NCj in the thermos flask 




TABLE NO .36 
DIRECT THiiroiOMETRIC TITRATKITS. 
(v ide Fig.No«36) 
V o l . of 
Ha2 [FeCGiOgNOj 
in m i s . 
0 . 0 
0 . 2 
0 . 4 






l . S 
2 . 0 
2 . 2 
2 , 4 
2 . S 
2 . S 
3 . 0 
3 . 2 
3 . 4 
3 . 6 




































































4.0 0.170 0.140 0.195 
4.2 0.175 0,145 0.215 
4.4 0.180 0.150 0.235 
4 .5 0.185 0.155 0.255 
4 .3 0.190 0.160 0.275 
5.0 0.195 0.165 
(a) 40 ml. of 0.1 x 10"^4,2nCl2 in the thermos f lask, 
0.2 M.Na2 [Fe(Gil)5N0Jadded from the b u r e t t e . 
(b) 40 ml. of 0,5 x 10-2M.ZnCl2 in the thermos f lask, 
0 .1 M.Nag [Fe(CN)^N0] added from the b u r e t t e . 
(c) 40 ml, of 0,2 X lO-^^l.ZnClg in the thermos f lask , 
0 ,4 M.Nae [peCClOsNOjadded from the b u r e t t e . 
{a^'cd^^ 7aAlL^:J^}^ > CUYV-^ ot. 
^CUTTJ^^ ^ 
TABLE NO.37 
DIRECT TFIERMOMETRIC TITRATICBS. 




0 , 0 
0 . 2 






l . S 
1.8 
2 , 0 
2 . 2 
2 . 4 
2 . S 
2 . S 
3 . 0 
3 . 2 
3 . 4 
3.6 




































































4.0 0.255 0.145 0.120 
4 .2 0.265 0.150 0.122 
4.4 0.280 0.155 0.125 
4.6 0.295 0.160 0.130 
4 .3 0.305 0.165 0.135 
5.0 0.315 0.170 0.140 
(a) 40 ml. of 0 .1 x l0-^^.CuCl2 in the thermos f lask, 
0.2 M.Na2[Fe(CN)5N0j added from the b u r e t t e . 
(b) 40 ml. of 0.5 x 10-2M,CUC12 in the thermos f lask, 
0 .1 M.Nag [FeCGlOgNoJ added from the b u r e t t e . 
(c) 40 ml. of 0.333 x 10-%.CuCl2 in the thermos f lask, 
0.66 x 10-%.Na2 [PeCClOgNo] added from the buret te . 

TABLE NO.38 
DIRECT THERMOMETRIG TITRATIONS. 
(vide Fig.No.38) 
Vol. of , Change in temperature in centigrade, 
Nag [Fe(CN)5N0j 


















































































(a) 40 ml. of 0.25 x 10-2M,MnCl2 in the thermos f lask , 
0.5 X 10-M,^3i2 [Fe(CN)5i^oJ added from the b u r e t t e . 
(b) 40 ml. of 0.125 x 10-2M,MnCl2 in the thermos f lask, 





(U/rv^ £• • 
^^.Curv^ a. 
TilBLE NO.39 
Rff/ER3E THEBl^ OMETRIC TITRATIdJS. 
(v ide Fig .No.39) 
Vol .o f 14nGl. 
in m i s , 
0 .0 
0 ,2 
0 , 4 
0 . 6 





l . S 
2 .0 
2 .2 
2 . 4 





3 . 6 
3.S 




0 .015 0.0100 
0.020 0.0150 
0.030 0.0175 
0 .035 0.0200 
0.040 0.0200 
0 .045 0 .0225 
0.050 0.0250 


























































(a) 40 ml. of 0 ,5 x 10-2M,Na2 [Fe(CN)gNoJ in the thermos flask, 
0 .1 M.MnCl2 added from the b u r e t t e . 
(b) 40 ml. of 0.25 x 10"%.Nag [Pe(CN) Nojin the thermos flask, 
0 .5 X 10"%.ltoCl2 added from the b u r e t t e . 
(c) 40 ml. of 0,166 x 10-%I.Na2[Fe(GN)gNo]in the thermos flask, 
0.333 X 10"%.MnCl2 added from the b u r e t t e . 
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_.-*- turlJf^- ^ 
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3:/ rm^cofiM^^^^^^^^ >;ti* 
TABLE l i 0 . 40 
DIRSCT THERMOMETHIG TITHArHXiS. 
( v i d e ? i g . N o . 4 0 ) 
V o l . o f 
Na^ [Fe(CM)gNOj 
i n m i s . 
0 . 0 
0 . 2 
0 . 4 
0 . 6 






2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 . 3 
3 , 0 
3 . 2 
3 . 4 
3 . 6 
3 . 3 
Ghai 
( a ) 
0 . 0 0 0 
0 . 0 0 5 
0 . 0 1 0 
0 . 0 2 0 
0 . 0 2 5 
0 . 0 4 0 
0 . 0 5 0 
0 . 0 6 0 
0 . 0 7 0 
0 , 0 8 0 
0 . 0 8 5 
0 . 0 9 0 
0 . 1 0 0 
0 . 1 0 5 
0 . 1 2 0 
0 . 1 3 5 
0 . 1 5 0 
0 . 1 6 5 
0 . 1 8 0 
0 . 1 9 0 
C nge i n t e m p e r a t u r e i n c e n t i g r a d e 
(b) (c ) 
0 .000 0 .0000 
0 . 0 1 0 0 .0100 
0 . 0 2 0 0 .0100 
0 . 0 3 5 0 .0100 
0 .060 0 .0050 
0 , 0 8 0 0 . 0 0 2 5 
0 , 1 1 0 0 .0100 
0 . 1 5 0 0 . 0 1 5 0 
0 . 1 8 5 0 .0200 
0 . 2 1 0 0 .0300 
0 . 2 3 0 0 . 0 4 0 0 
0 . 2 5 0 0 . 0 5 0 0 
0 . 2 6 5 0 . 0 6 0 0 
0 . 3 0 0 0 . 0 7 0 0 
0 . 3 3 0 0 . 0 8 0 0 
0 . 3 5 0 0 . 0 9 5 0 
0 , 3 7 0 0 . 1 1 0 0 
0 . 3 9 0 0 .1200 
0 . 4 1 0 0 . 1 3 0 0 
0 , 4 2 0 0 , 1 4 0 0 
contd-
4 . 0 0.195 0.430 O. isao 
4 . 2 0.200 0.4^10 0.1600 
4 . 4 0 .204 0 .455 0.1700 
4 . 5 0.206 0.460 0.1800 
4 . 3 0.208 0.465 0.1950 
5.0 0.210 0.470 0.2000 
(a) 40 ml . of 0 . 5 x 10"Hi.?eS0^ in t h e thermos f l a s k , 
0 . 1 M.Nag [Fe(CN)gN0j added from t h e bui^ebte, 
(b) 40 ml . of 0 . 1 X lO'^M.FeSO^ in tfce thermos f l a s k , 
0 . 2 M.Nag [FeCClOgNo] added from t h e b u r e t t e . 
(c) 40 ml . of 0 .66 X 10"%'.FeS0^ in t h e thermos f l a s k , 
0 .133 M.Nag [Fe(GH) No] added from t h e b u r e t t e . 
t^-rf7lfr...lTn h^T ^tttt.t-, 
f^Mfs C{^i. ^^fre/£_ T^fj^fn^^meathic -^r^a^'h^ 




REVERSE THfiRI40METRIG TITRATIONS. 
(v ide Fig.No.41) 
Vo l .o f TiClo Change in t empera tu re in cen t ig rade , 
in m i s . 
0 .0 
0 .2 
0 . 4 







2 , 0 
2 .2 





3 . 4 




























































(a) 40 ml. of 0.333 x 10-'2M.Na2 [FeCClOsNOJin the thermos fla; 
0.66 X 10"%. added from the bu re t t e , 
(b) 40 ml. of 0.20 x 10-2M.Na2 [Pe(ClT)5N0j in the thermos fla: 
0.4 X 10"%. added from the b u r e t t e . 
-|usfij#i^^y^iiiM^ 








DIRECT POTSNTIOMETRIC TITRATIONS• 
(v ide Fig.No.42) 






0 . 6 





l . S 
2 .0 
2 .2 
2 . 4 




3 , 4 































































(a) 40 ml. of 0 .1 X lO '^ .CoClg in the beaker, 
0.2 M.Nag tFe(C?J)gNO] added from the burette< 
(b) 40 ml. of 0 .5 x lO'^I.GoClg in the beaker, 










i ^ fSr 
' ^ ^ 
S;i=«+^-n^ 
s?-^  SSgStEtSS .rrrtTT-^ 
riS:rS3a 
m^UU^-r:^^ 
: ^ S 
5 f ^ 
TABLE NO .43 
DIRECT POTffilTIOMETRIC TITRATICIIS. 
(v ide Fig.No.43) 
Vo l . of 
Nag [Fe(CK)5N0j 
i n mis • 
0 .0 
0 ,2 
0 . 4 
0 ,6 







2 . 2 
2 . 4 




3 . 4 
3 . 6 



































































4.0 0,3090 0,796 0,764 
4 ,2 0.3110 0,797 0,764 
4.4 0.8110 0.798 0,764 
4 .6 0,8130 0,798 0.765 
4.8 0.8130 0.798 0.765 
5.0 0.3130 0.799 
(a) 40 ml, of 0 ,1 l0 '%,CuClp in the beaker, 
0,2 M,Na2 [FeCClOgNOj adaed from the b u r e t t e . 
(b) 40 ml. of 0,833 x 10"^.GuC!^ in the beaker, 
0.166 M.Na2 [Fe(C:N)gNOj added from the bure t te , 
(c) 40 ml. of 0.50 x 10-2M.CUC12 in the bealter, 
0.1 M.Nag [Fe(CN)gNOj added from the b u r e t t e . 

TABLE NO.44 
DIRECT POTETITIOMETRIC TITRATI0K3. 
(v ide Pig.No.44) 
Vo l . of 
Nag [Fe(CN)gNO^ 
in m i s . 
0 , 0 
0 . 2 
0 , 4 
0 . 6 






2 . 0 
2 , 2 
2 . 4 
2 , 6 
2 , 8 
3 , 0 
3 , 2 
3 . 4 
3 . 6 
3 . 8 






















- 0 .054 

















I t s , 
(c) 




















4.2 0 a 3 6 
4 ,4 0,136 
4 .6 0.137 
4.8 0.137 
5.0 0.137 
(a) 40 ml. of 0,5 x lO-^M.TiClg in the beaker, 
0 .1 M.Nag [Fe{ClOgN0jadded from the b u r e t t e . 
(b) 40 ml. of 0.416 x 10"-%5.TiCl3 in the beaker, 
0.833 X 10"%.Nag tPeCClOsNOJfrom the b u r e t t e . 
(c) 20 ml. of 0.333 x lO'^l.XiGlg in the bealcer, 
0.66 X l O ' ^ . N a g [FeCGlOgNOJfrom the b u r e t t e . 
'tMih-. 
TABLE NO.45 
DIRECT POTMTIOMETRIC TITRATIONS. 
(v ide F i g . No.45) 
yT°•^^Tn°L.^ -I P o t e n t i a l in v o l t s . NagLFeCClOgNCJ 
in m i s . (a) (b) (c) (d) 
^ •^ + 0.470 + 0.450 + 0.420 + 0.440 
^ •^ 0.460 0.440 0.420 0.430 
^•^ 0.460 0.430 0.400 0.420 
^ •^ 0.440 0.420 0.396 0.410 
^•0 0.420 0.410 0,388 0.4CC 
2»S 0.4D0 0.392 0.380 0.392 
2«0 0.390 0.380 0.366 0.380 
2 - ^ 0 .364 0.370 0.31S 0.368 
^ •^ 0.254 0,280 0.238 0.278 
^ • ^ 0.220 0.230 0,220 0.220 
^•0 0 .204 0.220 0.2C4 0.210 
5 .5 0,200 0.192 0.394 0.]9C 
^•0 0,200 0 .392 0.390 0.390 
^•^ 0 ,200 0,392 0.190 0.190 
'7*0 0,200 0.392 0.3.90 
contd-




(a) 40 ml, of 0,4 x lO-^-l.AgNOg in the beaker, 
0,2 M,Ha2 [Fe(CN)5N0J aidded froin, the b u r e t t e . 
(b) 40 ml, of 0,287 x lO-^.AgNC^ in the beaker, 
0.142 M.Nag [FeCClO^No] added from the bu re t t e . 
(c) 40 ml, of 0.25 x 10"%.AgNC^in the beaker, 
0.126 M.Nag [Fe(ClOgNc] added from the b u r e t t e . 
(d) 40 ml. of 0,22 x lO-lK.AgNOg in the beaker, 
0,311 M,Na2 [Fe(GN)gKoJ added from the b u r e t t e . 
iSffiSMEtSMftfgSi 
TABLE NO.46 
DIRECT POTK^ -ITIOMETRIC TITRATIOUa. 
(vide Fig.Fo.46) 
Vol . of 
Nag [Fe(CM)gNOj 
in m i s . 
O.C 
0 . 5 
1.0 
1 .5 
2 . 0 
2 . 5 
3 . 0 
3 . 5 
4 . 0 
4 . 5 
5 . 0 
5 . 5 
6 . 0 
6 . 5 
7 . 0 
7 . 5 
8 . 0 
8 . 5 
9 . 0 



























































































9 , 5 
10 ,0 
(a) 40 ml , of 0 .1 x 10"%l,Kg(F03)2 in t h e bealcer, 
0 . 1 M.Na2 [Fe(GN)gN0j added from t h e b u r e t t e . 
(b) 40 ml , of 0 ,2 x 10~^l.Eg(N03)2 in t h e beaker , 
0 .2 M.Hag [FeCClOsNoJ added from the b u r e t t e . 
(c) 40 ml . of 0 ,666 x 10-2M.Hg(NC3)2 In t h e beaker , 
0 .66 X 10"%.Ha2 [PeCClOgNO] added from, t h e bm^ette. 
(d) 40 ml . of 0 . 5 x 10-%!.IIg(N03)2 in t h e beaker , 
0 . 5 X lO-^I .Nag [Pe(CM)5N0') added froir. t h e b u r e t t e . 
•< ;< :< 















*"-Sl~eh£i-S!.,Ej^ El^  Ccrr<U< 
K o « - ^ ^ - - a . - - ^ -
S^cj At- e 
* ^ " ^ - i ^ ^ ^ . 
•;Uillij:-t;j4.;;:i^i;i-i#fUt 
TABLE NO.47 
DIRECT POTEI^ ITIOMETRIC TITRATICNS. 
(v ide Fig.Ho.47) 
Vol . of P o t e n t i a l i n v o l t s . 
Nag lFe(CN)5N0] 
in m i s . (a) (b) (c) (d) 
O.C - C.230 - 0.250 - 0,298 - 0.200 
l .C 0.240 0.264 0.298 0.216 
2 .0 0 .240 0.270 0,300 0.220 
3 . 0 0,240 0.270 0,300 0.22C 
4 . 0 0.270 0.320 0.30C. 0.280 
5.0 0.280 0.330 0.320 0.290 
6,0 0 .290 0,340 0,338 0.300 
7 ,0 0,300 0.360 0,340 0,312 
8 ,0 0,310 0.378 0,350 0,320 
9 ,0 0,320 0,400 0,360 0.334 
10.0 0.330 0 ,428 0,362 0.346 
11.0 0.340 0.440 0.364 0,356 
12 .0 0 ,346 0,450 0,368 0.360 
13,0 0 ,346 0,450 0.368 0,360 
14.0 0 .346 0.450 0.368 0.360 












(a) 40 ml, of 0.4 x I C ^ . C e C l g in the beaker, 
0.2 M.Hag [PeCClDgNoJ added from the b u r e t t e . 
(b) 40 ml. of 0.25 x lO'^UCeClg in the beaJcer, 
0.125 M.Nag [Fe(CN) Ko] added from the b u r e t t e . 
(c) 40 ml. of 0.2 X 10~^!.CeGl3 in the beaker, 
0.1 M.Ka2 [Fe(CN)gN0] added from the b u r e t t e . 
(d) 40 ml. of 0.166 x 10""^:,CeCl3 in the beaker, 
0.83 X 10~^:.Ea2 f_Fe(CR)gNO] added from the buret te . 





JlRECT POTMITIOMETRIC TITRATIONS. 
(vide Pig.Ho.48) 





















l i s . 
Pot 



















e n t i a l in v c l t s 
(b) 







































IS 0,230 0,330 0,280 
(a) 40 ml , of 0 ,4 x lO'^ .LaClg in t h e beaker , 
0 .2 M.Hag lFe(CN)gN0] added fron t h e b u r e t t e . 
(b) 40 ml . of 0.287 X l O - ^ . L a C l g in t h e beaker , 
0.142 M.Nag lFe(CN)gNO] added frori t h e b u r e t t e , 
0*2. 
(c) 40 ml , ofAx 10"%.LaCl3 in t h e beaker , 
0 . 1 M.Mag [Fe(CN)gN0] added from t h e b u t e t t e . 
^ ^ cl£i^.7yvyu^\<rp ^yu-S-U^sC^: _ '^^^^ 
[ 
] 




(6) Majiganese Gomlex: 
Ca l cu l a t ed for Mn Fe N C HgO 
Mn[Fe(C^I) N0J2H2O 17,89% 18.14,^ 27 .38^ 19.56^i 11.74:i 
Observed. 17.80^ 17.70^? 26.30f^ lS.705i 13.C9? 
(7) I ron Complex: 
C a l c u l a - t e d for Fe N C HgO 
Fe[Fe(CN)^N0]2H_0 36.29$^ 27 .33^ 19,50^ 11.70>t 
Observed. 35.80,^ 26 ,40^ 18.90;^ 13,20)^ 
(8) Titanium COTODIGX: 
Calcu l a t ed for Ti Fe N C CI 
Ti[Fe(CN)5No] CI 16.01!^ 18.66^ 28.06J^ 20.05;^ 11.80,^ 
Observed. 16,60:^ 18.00^^ 27 .60^ 19.60^!^ 11.30;'^ 
(9) S i l v e r Complex: 
Ca lcu l a t ed for Ag Fe N C H H, ^ 
Ag2tFe(ClO5N0]2H20 46.07:^ 11.93/^ 17.96?^ 12.83,^ 0 .85^ 7.70)2 
Observed. 45.76?^ 12 .01^ 19.10^ - 0 .67^ 1 S^$ 
(lO)Mercury Complex: 
C a l c u l a t e d for Hg Fe N C H H^O 
Hg[Fe(CN)5N0j2H20 44 .32^ 12.33^^ 18.57^ 13.26;^ 0,895^ 7.95?^ 
Observed. 4 4 . 4 5 ^ 12.29^ 18.54jg - 0 , 8 1 ^ S.C1,I 
(13) Vanadium Coimplext 
Ca lcu l a t ed for 
Vo[Fe(a ' )5 '0J2H20 
Observed. 
V Fe N C H 
14.67,^ 16.C8,^ 24.22?? 24.22^ 2.33,^ 
15.02/1 17 .CX:'/^  24.05,^ 3.26 
(1^) Yttr ium Cormalex: 
Ca lcu la t ed for Y Fe N C H GL 
YtFe(CM)5N0]ci.2CH3oH 22.01=1 13.80?^ 20.78JC 20.78/^ 1.98)i' 8.77 
Observed. 21.99^^ 14.01)2 21.81vi 19.82^ 2.31> 8.00 
(13) Lanthanum Complex: 
Ca l cu l a t ed for La Fe N G H CI 
La[Fe(ClOgl^0jci.2CH3oH 30,58;^ 12.28;^ 18.49?? 18.49;? 1.76^ 7,81 
Observed. 30.43,=? 12.80,^ 18.88:r? 17.99,1 2.06:^ ^.6€ 
(14) Cerium Complex; 
Ca lcu l a t ed for Ge Fe K C H CI 
Cej,Fe(a05Nc]C1.2CH oH 30.76,1 12.25;^ 18.44,1 18.44,1 1.751 7.7£ 
Observed. 28.81;^  13,80^ ? 19.80%' 17.34,1 2.261 6.0?: 
u_ 
(15) Praseodymium Complex: 
Calcu la t ed for Pr Fe N C H 
Pr[Fe(CK)gNcJci.2CH3oH 30.87,1 12 .22^ 18.42;? 18.42/? 1.75,1 '7.75 
Observed. 28 .99^ 12.28;^' 19.77/b 16.88/? 1.85,1 6.9S 
(16) Neodymiuir, .Complex: 
Ca lcu la t ed for iTd Fe U C H CI 
NdfFeCGlOgNqJci.eCHgOH 3 l . 3 S i 12.12;J^ 18.28:^ 18.2S;^ 1.74;^ 7.7 
Observed. 31.53^^ 12.01)J 18.43;^ 17.30;^ 2 .00^ 6.6: 
(17) SaiTiariuia Complex: 
Ca lcu l a t ed for 3m ?e II C H CI 
3mrFe(CN) J>:c]C1.2Cn,,oH 32.28,^ 11.98,^ 18.04;^ 18.04;^ 1.71:^ 7.S: 
CLserved. 30.91;^ 11.43;l 19.2i ; l 17.S4JI 2.00;:^ 6.5: 
(18) Gaddlnium Complex. 
Ca l cu l a t ed for Gd Fe N C H CI 
ad[Fe(CN)gN0]ci.2CH2oK 33.27;! 11.80;C 17.77^ 17.77^ 1.39^^ 7.5: 
Observed. 32.98,1 12,00?^ 18.71^^ 1S.37;I 1.83;i 8.S( 
(19) Dysprosluin Complex: 
Ca lcu la t ed for Dy Fe N C H CI 
Dy(Fe(CN)5N0]ci.2CH3cK 34.01)^ ll .S7J^ 17.59;;^ 17.59;^ 1.67> 7.4i 
Observed. 33.28;^ 10.98?^ 18.98;? 17.93?^ 1.93:;^ 6.9i 
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TABLE K0.5C 
R^VERaS GOiiDUGTOXETRIG TITRAriffiS. 
(v ide Fig.No.49) 
V o l . of TiClo Conductance in mhos. 
in mis . (a) (b) (c) 
0 .0 1.250 X 10-3 1^370 x l O ' ^ 1.01 x 10-3 
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3.3 47,50 5.360 8,40 
4.0 52,60 6.900 
(a) 40 ml, of 0.5 x 1 0 - 2 K . O - Phenanthroline in the c e l l , 
0 .1 M.TiGl^ added from the b u r e t t e . 
(b) 40 ml, of 0,33 x lO'^M.o- Phenanthroline in the c e l l , 
0.56 X 10~1M. TiCl added from the b u r e t t e . 
(c) 40 ml, of 0.25 x 10""%.o- Phenanthroline in the c e l l , 
0.50 X 10-^4.TiClg added from the b u r e t t e . 

TABLE NO,51 
RfiVER3E CClvDUCIOMETRIC TITRAT10113. 
( v i d e P i g . N o . 5 0 ) 
V o l . o f Vo3o Conduc tance i n mhos x 1 0 " 2 , 
i n m i s . ^ Ca) (b) 
0 . 0 1.28 1 .042 
0 . 2 1 .37 1 .132 
0 . 4 1 .43 1 .151 
O.S l . S l 1 .261 
O.S 1 .75 1.350 
1.0 2 . 0 0 1.400 
1.2 2 , 1 7 1 .450 
1 .4 2 . 3 5 1.490 
1 .5 2 , 4 4 1.500 
1 .5 2 . 5 0 1.550 
2 . 0 2 . 3 4 1 .555 
2 . 2 3 . 1 0 1.700 
2 . 4 3 . 2 0 1.810 
2 . 6 3 . 5 0 1 .350 
2 . 3 4 . 0 8 1.900 
3 . 0 4 . 3 5 1 .930 
3 . 2 5 . 0 0 1 .950 
3 . 4 5 . 1 3 2 , 1 5 0 
3 . 5 5 . 2 6 2 . 2 2 0 




















(a) 40 ml. of 0.5 x 10"%.o- Phenanthroline in the cell, 
0,1 M.VoSo^ added from the b-urette. 
(b) 40 ml, of 0.25 x 10"%.o Phenanthroline in the cell, 
0.5 X 10'-^ 'I.""'oSo^  added from the burette. 

TABLE NO.52 

















































































































4.C 20751 - 19126 19660 
4 . 2 20744 
4 . 4 20735 
4 . 6 20730 
4 . 8 20728 
5.0 20728 
5.2 20739 
5 .4 20741 
5.6 20748 
(a) 50 ml . of 0 . 1 x 10""%!.7oSo^ in t h e c e l l , 
0 .25 X 10"^M.0-Phenanthrolir ie added froir t h e b u r e t t e . 
(b) 30 ml . of 0 .66 X lO '^LVoSo^ in t h e c e l l , 
0 .2 X 10""%.0-Phensj i thrcl ine added froir t he bui^et te . 
(c) 50 ml . of 0 .25 x 10' '%.Vo3o^ in t h e c e l l , 
0.125 X 10"'-^ .C-Phenanthroline added from the burette. 
(d) 50 ml. of 0.5 x lO'^I.VoSo^ in the cell, 
0 ,25 X 10*"Vi.0-Phenanthroline added from t h e b u r e t t e . 
iliiiiiiMjijiMiJiiJ^ 
TABLE NO.53 




in mis • 
O.C 
1.0 
2 , 0 
3 . 0 
4 . 0 
5 . 0 
b.O 
7 . 0 
8 . 0 











































































20.0 0.160 0.16ii 0 .1 3 p 
21.0 0.150 0.152 0.133 
(a) 20 ml . of 1.25 x lO-^ l .T iC lg in t h e beaker , 
0 .25 X lO^lK.O-Phenanthrol ine added frcff t h e b -a re t t e . 
(b) 20 ml . of 1,0 X lO-Si.^.TlClg in t h e beaker , 
0 .2 X 10"* iM.C-PhencUi t h ro l i n e added from t h e b u r e t t e . 
(c) 20 ml . of 2 .0 X lO-SM.TiCl^ in the beaker , 
0 . 4 X lO-^ l .O-Phenan th ro l ine added from t h e b u r e t t e . 
;t;i4f;-i4j-»;i- .•:„;,»,•..; .^:,;i:.ui: i: j m i 11 [|.u ^ nrtairtL 
TABLE NO.54 
REdULIo OF Ai^fALIuId, 
(1)Vanadi'am Complex: 
Ca lcu la t ed for V 30^ C H M 
VOSO^(Phenanthroline) 1A,Q5% 27.99;^ 41.98;^ 2,33; ' 8.16 
Observed. 14.03/1 25.90)1 42.90>^ 3.16;i 7.79 
(2)Tl tanous Complex; 
Ca lcu l a t ed for Tl CI C H N 
r i C l ^ ( P h e n a n t h r o l i n e L 9.3lf. 20.70;;a 55.93^^ 3.11/b 10.38/ 
3 ^ 
Observed. 8 .5 ,i 19.46.S 55,492 4.33:;2 1C.7 
PLATE 
P l a t e , 1 (a ) . i .A, spectra oi' t i t an iun ( I I I ) o- phenantripolirie co; 
" 1 (b) . I,-I. spr'Ctra of vunacliun (I¥) o- phenanthroline co: 
:i ('<' 
-7" v . ' > - - v , ^ : 
t i c 
. - t - ; , , , - •! 
-• '^  1 ..-
. a J? . , v ^. 1 
1 -1 (l.J£ - 1 .^ ' 
•1 r, 4 - - - . 
-.r.-.r ^, • • - 1 -. . 1 " ' ^ ('•• 
V , 1 -,- . 1 - ;^ V- . ,;• -1 
"^  1 - -.0 -
. .-s ••;, • I- r. - p . 
, -
, , . . • . . . , 




F i g 
.^  >v 
/ , • ,- . I 
tct-vAhy (i. yoV%Jcir3<v\e. 
tett»ahy<i ro^un-AVj^ 
TAd::,E r : o .55 
Rii;VERdE GC]iDUCTt>ETRIG TITRAriW^a. 
( v i d e F i g . H e . 5 3 ) 
V o l , o f T i C l ^ Conduc tance ixi mhos, x lO"-'^ 
i n m i s . ^ ( a ) (b) 
O.C 3 , 5 0 0 1 .01 
0 . 2 4 . 0 0 0 1.03 
0 . 4 4 . 6 5 0 1 .05 
0 . 6 5 .120 1.07 
0 . 8 5 .800 1.09 
1,0 6 .600 1,11 
1.2 7 . 4 0 0 1.12 
1.4 8 .200 1 .14 
1.6 8 .800 1.17 
1 .8 9 . 6 0 0 1.20 
2 . 0 1 3 . 0 0 0 1 .21 
2 . 2 14.0C> 1.29 
2 . 4 1 5 . 0 0 1.37 
2 . 6 1 6 . 2 0 1 .45 
2 . 8 1 7 . 0 0 1.53 
3 . 0 1 8 . 2 0 1 .63 
3 . 2 2 0 . 0 0 1 .65 
3 . 4 2 1 . 8 0 1,67 
3 . 6 2 2 , 0 0 1.68 
3 . 8 2 2 . 8 0 1 .71 
c o n t d -
4 . 0 23.30 1.74 
4 . 2 24.40 1.77 
4 . 4 25.00 1.78 
4.C 26,CC 1.79 
4 . 8 27.30 1.81 
5.0 29.20 1.86 
(a) 40 ml . of 0 . 5 x l O ' ^ I . C Inchon in e in t h e c e l l , 
0 . 1 M.TiCl„ added, from the b u r e t t e . 
(b) 40 ml . of 0 . 5 x 10~%.Ginchonine in t h e c e l l , 




^ • . ^ • • • • ; 
TABLE NO.56 
R£V£.RDE COKDUCTOMETRIC TITRATIOK^i. 
(vide Fig.No.54) 
V o l . o f CuClp Condi;ct?;ic:o in mhos, 
in m i s . '^ (a) (b) 
0 .0 1.25 X lO""^ 1.063 X IQ-^ 
0 .2 1.05 X 10-4 1.086 
0 .4 I . I S 1.098 
0 . 6 1.35 1,123 
0 .3 1.70 1.149 
1.0 2.00 1.17G 
1.2 2.38 1.209 
1.4 2.56 1.219 
1.5 2 .94 1.239 
1.5 3,32 1.250 
2 .0 4 .35 1.265 
2 .2 5.25 1.235 
2 .4 5.55 1.333 
2 . 6 5,3S 1.351 
2 . 3 6.00 1.3S8 
3.0 7.00 1.428 
3 .2 7.5C 1.4;;i£i 
3 .4 8.00 1.515 
3 .6 8,50 1.538 





















(a) 40 ml . of 0 .125 x 10"2i/,Ginchonine in t h e c e l l , 
0 .25 X l O ' ^ . G u G l g added frora t h e b u r e t t e . 
(b) 40 ml . of 0 . 1 X 10""Hl.Cinchonine in ohe c e l l , 
0 .2 X 10""^-;. CuClg added from t h e b u r e t t e . 
•vn 
\ 








lit i# I-: 
TABLii; NO,57 
DIRECT POr;:£:TIOMETRIG TITHAria^S . 
(v ide Fig.No.56) 
Vol._ of 
CiiiChonirie 


















4 . 2 5 
4.50 
Pote i^ t ia l i 








































4,75 0.300 0.296 
5.00 0.300 0.296 
(a) 40 ml. of 0.125 x 10""%:. 11^13 in the beaker, 
0.26 X lO-^M.Cinchcnine adied from the b u r e t t e . 
(b) 40 ml. of 0.11 X 10"%!. TiCl3 in the beaker, 











• ' ^ - 1 
TABLE NO.58 
DIRiiCT PrTffiiTiaviETHIC TITHATIOr^i 
(v ide Fig . i :o .56) 
V o l . of P o t e n t i a l in v o l t s . 
Cinchonine 



























































4.75 0.142 0.130 
5,00 0.142 0.130 
(a.) 40 ml, of 0.125 x IC'^K. CuClo in the beaker, 
0,25 X 10"" 1M. Glnchonlne added from the burette. 
(b) 40 ml. of 0.11 X 10-2M. CuClg in the be.al-:er, 
0.22 X 10"^M. Clnchonine added fron the bui'ebte. 

TABLE NO.59 
RSoULTS OF AiaLYSI;>. 
(1)Ginchonine copper (11) complex: 
Ca lcu l a t ed for C H N CI Cu 
(C^g Hgg 0N2).GuCl2 2H2Q 49.04;? 5.59;^ 6.02:'' 15.271 13.S 
Observed. 48.08;! 5 ,07^ 5.58?? 15.42;^ ]3.0( 
(2)Clnchonine - T l t a n i u n (111) complex: 
Ca l cu l a t ed for C H N CI l i 
(C^g H22 ONg) TiClg 2H20 47.02^4 5.36;t 5.77)^ 21.96/^ 9 .3: 
Observed. 46.94;i 5.09;l 5.79;l 21.90,i .9.7: 
Plate.2(a) I.R, spectra of titanium (III) cinchonine complex. 
7 8 9 10 
V 40O0 700(r 
'5 20 p 25 30 40 50 
TOCO 1800 1600 MOO |200 1000 800 600 400 w r ' 200 
Plate,2(b) I .E. spectra of copper (II) cinchonine complex. 
V4000 WOMr* 
\ 3,S SOu 
70 f, 2i 30 40 50 
Plate .2 (c) I .E. spectra of cinchonine . 
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R a 3 U L T S AND D I S C U S S I O N . 
Reverse conductonietric t i t r a t i o n s 
showed the combining r a t i o of 1:1 for the in te rac t ion of 
cinchonine with ti tanium ( i i i ) and copper ( i i ) ch lor ides . 
The same r a t i o emerged from potentloraetric t i t r a t i o n s . . 
From the r e su l t s of chemical ana lys i s , the follov/ing 
formulae may he assigned to these complexes: 
(C^g H22 ONg) CuGlg. 2H2O 
(C]9 H22 ONg) TiCl3. SHgO. 
The maganetic s u s c e p t i b i l i t y for copper( i i ) 
cinchonine complex af ter applying ligand and temperature 
correct ion i s 1.84 in Bohr Magnetons and is in agreement 
with experimental moments for Cu ( i i ) ions-^ „ which are 
in the range of 1.70 - 2,20 e .g . for tetrammine copper( i i ) 
n i t r a t e , bis (sallcyldehyde) copper ( i i ) , b i s ( ace ty l -
acetonats) copper ( i i ) and potassium t e t r ach lo rocupra t e ( i i ) 
d ihydrate , the magnetic s u s c e p t i b i l i t y has been reported 
to be 1.89, 1.90, 1.95 and 1.88 B.M. r e spec t ive ly . 
The Ti - CI peak appears a t 330 cm"^. Clark1^2 
has assigned the metal -chlor ine v ibra t ions at'-v-370 cm 
-« 164 -
and in TiGl^ these have been reported at 389 cm"^ by 
Nakamoto^'^^. The peaks for Cu - N have been assigned 
at 420 cm'"-'- in [.Cu(NH3)43 Clg-^'*'^  and it seems to appear 
at 415 cm"! in copper cinchonine complex. The Cu - CI 
.148 
peaks appear at 294 - 320 cm"-^  but the spectra of 
copper complex in this region could not be available. 
The coordinated water absorbs 148 at 795 QTCT^ 
in [NiCglyjg (H20)2], at 875 cm"! in [Cu (H20)4] SO^. 
H2O and at 1012 & 965 cm"l in K [cr(ox)2 ^%°^2j 'S^O' 
A search into the peaks of the spectra of cinchonine 
Cu and Ti comp*lexes shows that at 925 in copper complex 
and at 915 cm"-^  in titanium complex there are peaks 
which are absent in the spectra of cinchonine. This 
, i-
peak is very feeble in Ti complex but qiute strong 
in copper complex. La-thle water-'-'^ a^bsorbs at 
3550 - 3200 cm""-^  (asymmetric and symmetric 0 -• H 
stretching modes^ and at 1630 « 1600 cm'^^H -0- H 
bending mode). In the spectra-'- of crystalline 
quinidine and dihydroquinldine bands are seen near 
2710 cm"*^  and shoulders near 3400 - 3100 cm"*^  due to 
0-H stretching bands. The 0-H band in the spectra of 
both crystalline and quenched melts of quinine (epi-
quinidine) lie at 3200 - 3100 cm"l (3400 - 3300 cm'^). 
- 165 -
Since ' quinine i s also an alkaloid and i t s s t ruc tu re 
resembles that of cinchonine, i t i s na tu ra l to think 
t h a t the OH band should occur at about 3220 - 3100 cm^^. 
In the spectra of cinchonine given here t h i s band occurs 
a t 2710 cm'"'^  and shoulders at 3085 cm""^  . Since the 
spect ra of cinchonine ims taken in K Br p e l l e t s , i e . in 
t he so l id s t a t e there is a be t t e r chance of hydrogen 
o batnding and therefore the lower frequency peak should 
have been more strong and t h i s is foxmd to be so in the 
spect ra of cinchonine. The band at 2710 cm""^  i s stronger 
than the other one. The H-»0~H peaks a t 1636 cm""! 
(cinchonine), 1625 cm"^ (Ti-complex), and 1635 cm'*-'-
(copper complex'^occur but the peak in the, case of copper 
complex is very feeble which was strong at 925 cm"^. . 
I t may therefore be supposed tha t water molecules perhaps 
a re present as latfeicewater in ti tanium complex and as 
coordinated water in copper complex. The 0H s t re tch ing bands 
in copper and t i tanium complex appear at 3400 - 3420 cm""^  
and 3195 cm"! respec t ive ly . 
Cinchonine has, vinyl group which according to 
Sheppard and Simpson-^^-^ absorbs in the frequency ranges 
of 995 - 985 cm'l due to CH out of plane deformations, 
and of 915 - 905 cm""l due to CH2 out of plane deforma-
t i o n s . There may be CH s t re tch ing vibra t ions at 3010 -
3095 cm~l . In the spectra of cinchonine there are two 
166 -
very strong peaks at 990 and 900 cm""l. 
There exist great similarities between the 
spectra of the complexes and that of free pyridine^^^^ 
Similar observations were reported by Yingst and Douglas-^ '^ ^ 
for allyl pyridine complexes. It was observed by some 
other researchers "^  that on coordination there occui 
no major changes in the spectra of amines. 
The out of plane hydrogen deformations which 
occur at 880 (s), 855(v.f) 830(s), 8l0(v.f.), 800(v.s.) 
and 760(v.s.) are changed to 890(v.f.), 850(s.), 830(v,f.) 
800(f.) and 760(v.s.) in the case of copper complex and 
to 875(f), 845(f), 830(f), 795(s) and 755(s) in the case 
of titanium complex. The CH in plane hydrogen deformation;; 
at I230(s), 1205(s), 1170(s),ll05(v.s),1060(f), l045(s), 
1025(f) and 950,(s) are changed to 1235(s), 1165(s), 
1095(s), 1005(v.f), I030(v.f) and 990(s.) in copper 
complex and to 1225(s), 1135(v.f.), Il25(v.f.), lllO(v.f), 
1095(f.) and 980(f) in the titanium complex. It is thus 
observed that due to coordination the number of peaks 
due to t'-hfe ligA:^ ;^ ' Is reduced in this region. 
The region of absorption for aliphatic ON vibrations 
and for aromatic C = N - vibrations is 1220 - 1020 cm"^ 
- 167 -
and 1360 - 1310 cm"! respectively. The peaks in cinchonine 
spectra have been very much affected due to coordination 
in this region. The number of peaks has been reduced 
in the spectra of the two complexes. The coordination 
could take place at any one of the two nitrogen atoms 
since the oxygen is out of question because the OH is 
alcoholic and not phenolic. Now it is significant that 
the two very strong peaks at 900 and 990 due to vinyl 
group have disappeared or have been reduced to very 
feeble peaks in the spectra of the two complexes. It 
is therefore probable that coordination may have occured 
at the nitrogen in the aliphatic part. This is more 
probable because the availability of electrons is more 
there than at the nitrogen of the heterocyclic ring. 
The CC and GN vibrations mostly occur in 
the 1650 -1450 cm""^  region. The very strong peaks at 
1505 and 1565 cm""^  in cinchonine are shifted to higher 
frequencies on coordination viz to 1510 and 1585 in 
copper complex and to 1540 and 1595 in titanium 
complex. The change to higher frequencies in this 
- 168 ~ 
region due to coordination has also been observed 
156 in the complexes of amines. 
On the basis of these observations the 
following s t ructures may be p'roposed for the two complexes 











VANADYL SULPHATE AMINE COMPLEXES. 
Introduction. 
Vanadyl sulphate forms complexes with pyridine, 
'o(^y B and y - picolines, 2?;4 sod 2^6 Lutidines, quinoline, 
isoquinoline and acridine in aqueous solution as well 
as in methanol. These complexes have not been studied 
so far. The interaction hetx-zeen vanadyl sulphate and 
these amines was studied with the help of direct and 
reverse conductometric and direct potentiometric 
titrations. The complexes were prepared in methanol 
and chemically analysed. The infra red spectra of the 
complexes was taken and the spect?ral peaks assigned. 
Experimental 
Crystals of vanadyl sulphate (B . D. H) 
were dissolved in conductivity water or methanol 
(B.D.H. A.R.) to obtain its solution. The solution 
140 
was standardized by precipitating vanadium as 
mercurous vanadate and weighing as vanadium pentoxide. 
The heterocyclic amines (E.Merck) were purified by 
distillation and then used for preparing solutions in 
- 170 -
conductivity water or methanol. 
Direct and reverse conductometric titrations 
were performed employjjig philip's conductivity bridge 
model PR - 9500 in conjunction with platinum electrodes 
using aqueous solutions of water soluble amines and 
vanadyl sulphate. In the case of the interactions of 
water insoluble amines, methanolic solutions were used. 
Potentiometric titrations were performed by 
taking a known volume of the solution of vanadyl sulphate 
in the cell and adding the amine solution from the burette. 
The measurements were made with the help of a Tinseley 
potentiometer in conjunction with a lamp and scale outfit 
and a platinum indicator and a calomel reference electrode, 
(FiS.MO. (,7.) 
About 0.5 gm. of vanadyl sulphate was dissolved 
in about 5 ml of methanol (A.R, B.D.H) with slight 
warming and subsequent addition of about 20 ml of 
tetrahydrofurane. The solution was treated with an 
excess of an amine in tetrahydrofurane when a precipi-
tate resulted. The precipitate was isolated by centri-
fugation, washed several times with tetrahydrofurane 
- 171 -
and dried in a vacuum desiccator over quick lime. The 
colour of the complexes is bluish green except that of 
vanadyl acridine complex which is yellow. All the 
complexes except those of acridine, quinoline and 
isoquinoline are water soluble but undergo hydrolysis 
after sometime. All the complexes are hygroscopic and 
can be stored in a vacuum desiccator over quick lime. 
The complexes were fused with'fusion mixture 
in a platinum crucible very carefully, the fused mass 
dissolved in water, neutralized with nitric acid and 
used for the estimation of vanadium or sulphate. Separate 
samples were used for the estimation of metal and sulphate, 
The complexes were analysed for carbon and nitrogen 
through microanalysis. The results are given in table 
no .71 
The infra red absorption spectra of the complexes 
were recorded using K Br pellets. The I. R. absorption 
frequencies (in the range 300 - 4000 cm" ) in the 
- 172 -
spectra of the coordinated amines are as follows: 
VO(py)SO^ 3400 (v.s.), 3000 (v.s), 
1615 (v.s.), 1530(m),l480(s), 
1100 to 1200(m & b.),l075(s),l030(M), 
965 (s), 760(v.s.), 720(s),680(m), 
590 (ra), 470 (m). 
VO (o(-pic)SO^  3350 (v.s.), 1600 (v.s.), 1460 (f), 
1110 (s), 1075 (s), 965 (s),755(s), 
620 (m), 590 (f), 540 (m), 470 (s). 
VO (Ac)S04 3350 (v.s.), 1610 (v.s.), 1450 (f), 
1420 (f), 1110 (s), 1030 (m),965(s), 
740 (m), 660 (s), 605 (m & b), 
465 (m & b), 360 - 370 (m & b). 
b = broad, s = strong, m = medium, f = feeble 
V = very. 
The band assignments to the various vibrational 
frequencies of the coordinated amines were made by 
correlating them with the spectra of the corresponding 
" 173 -
amines by assuming that there accur no maj'or changes 
on coordination. 
CH s t r . v i b n s . 
3400 (s) 
r ing CC,CN 
s t re tch ing 
v ibns . 
I440(s),1485(s) 



















V0(py)S04 3400(v.s) 1480(s') ,1530(m) 1100 to 1209 760(v.s) 
I6l5(v.s.). (m & b) 






























V - 0 
s t r . v i b n s . 
S -0 
s t r . v l b n s . 






















465(m & b) 
470(s) 
py - pyridine, oir- pic = «<- picoline 
Ac = Acridine, Q = Quinoline. 
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TABLE NO.60 
CONDUCTOMETRIC TITRATIONS BETWEEN VMADYL SULPHITE MD PYRIDINE. 
(v ide Fig.No.57) 
Vol .o f Pyr id ine 
or 












2 . 2 
2 . 4 
2 .S 
2 . 8 
3 .0 
3 .2 





























































































4 . 0 
4 . 2 
4 . 4 
4 . 6 





















(a) 40 ml. of 0.5 x IO-^M.VOSO^ in the cell, 0.2 M. 
Pyridine added from the burette. 
(h) 60 ml. of 0.25 x 10""%.V030^ in the cell, 0.1 M. 
Pyridine added from the burette. 
(c) 40 ml. of 0.5, X 10"%.Pyridine in the cell,0.5 x lO-^M. 
VOSO^ added from the burette. 
(d) 40 ml. of 0.33 x lO"'^ .Pyridine in the cell,0.33 x 10-lM. 




G0NDUCTC14ETRIC TITHAIICr'a Bi-TWiiiiJ' ^-KBTHYL PYRIDINE 
AND YMADYL SULPHATE, 
(v ide Flg. l lo .5S) 
V o l . of«<-




0 . 2 
0 . 4 
0 . 6 





l . S 
2 . 0 
2 . 2 
2 . 4 
2 . S 
2 . 8 
3 . 0 
3 . 2 
3 . 4 
3 . 6 



















































































































(a)40 ml. of 0.5 x IO'SM.YOSO^ in the c e l l , 0.2 M. '^-Methyl 
pyridine added from the b u r e t t e . 
<TD)40.ml. of 0.33 x 10"*^,V0S04 in the c e l l , 0.133 M. '^-Methyl 
pyr idine added from the b u r e t t e . 
(c)40 ml. of 0.5 X 10"%-';.<-Methyl pyridine in the c e l l , 
0 ,5 X lO-'l.VO&O^ added from the b u r e t t e . 
(d)60 ml. of 0.28 x lO'^-I .v-Methyl pyridine in the c e l l , 
0.28 X 10"^1.y0S0^ added from the b u r e t t e . 
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TABLE NO.62 ^ 
CONDUGTOMETRIG TITRATIONS BETWEEN /'-METHYL PYRIDBfE 
AND VANADYL 3UT.PHATE. 
(v ide Fig.No.59) 
Vo l , of r - Conductance in mhos. 
Methyl p y r i d i n e 
o r 
VOSO^lrjvnU (a) (b) (c) (d) 
0 ,0 14,49x10-4 13.70x10-4 10,00x10-5 10.53x10-5 
0 .2 
0 , 4 
0 .6 







2 . 2 
2 . 4 
2 , 6 
2 , 8 
3 ,0 
3 ,2 

















































































































(a) 60 ml. of 0.5 x IO-^M.VOSO^ in the cell,0.2 M. y^  -Methyl 
pyridine added from the burette. 
(b) 60 ml. of 0.25 x lO-^.VOSO^ in the cell,0.1 M. P -Methyl 
pyridine added from the burette. 
(c) 40 ml. of 0.5 X 10""%. ^-Methyl pyridine in the cell, 
0.5 X 10-^4.Y0S0^ added from the burette. 
(d) to ml. of 0,25 x 10"%4. r -Methyl pyridine in the cell, 




CONDUCTOMETRIG TITRATICM3 BETWEEN Y-METHYL PYRIDBIE 
MD VANADYL SULPHATE. 
(v ide Fig .No.60) 
Vo l .o f Y -
Methyl p3n'idine 
o r 
VOSO^ in m i s . 
0 . 0 
0 . 2 
0 . 4 
0 . 6 






2 , 0 
2 . 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 . 4 
3 . 6 
3 . 8 
(a: 
12, 
1 1 , 
1 1 , 
1 1 , 
1 1 , 






































1 1 , 
10 , 
10, 
1 1 , 
1 1 , 
1 1 , 
1 1 . 
1 1 , 































mhos X 10"'^ 
(c) 
1 1 , 


















































































- I P O ^ 































(a) 60 ml, of 0.25 x IO '^M.YOSO. in the c e l l , 0 . 1 M. /-Methyl 
'A 
pyridine added fro-m the b u r e t t e . 
(b) 60 ml. of 0.2 x lO-^M.voao^ in the c e l l , 0 . 8 x lO-^M. / -Methy l 
pyridine added from the b u r e t t e . 
(c) 60 ml. of 0 .5 X 1 0 " " % . / -Methyl pyridine in the c e l l , 
0 .5 X 10"%.V0304 added from the b u r e t t e . 
(d) 60 ml. of 0,4 x 1 0 " ^ . "/-Methyl pyridine in the c e l l , 




CONDUCTOMETRIC TITRATIONS BETWEEN 2-4 LUTIDINE AND 
YMiADYL SULPHATE. 
(v ide F i g . N o . 6 l ) 
V o l . of 
2 - 4 L u t i d i n e or 
0 .0 
0 .2 
0 . 4 
0 . 6 




l . S 
1.8 
2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 . 8 
3 .0 
3 .2 
3 . 4 
3 .6 






















































































































(a) 40 ml. of 0 ,5 x IC^I.VOSO^ in the c e l l , 0 , 2 M,2-4 Lutidine 
added from the b u r e t t e , 
(b) 60 ml, of 0,33 x lO-^l.VOSO^ in the ce l l , 0 ,133 M.2-4 Lutidine 
added from the b u r e t t e , 
(c) 60 ml. of 0 .5 X 1 0 - 2 M . 2 - 4 Lutidine in the c e l l , 0 . 5 x 10-Ij^. 
VOSO4 added from the b u r e t t e . 
(d) 40 ml, of 0.33 x 10-2^,2-4 Lutidine in the c e l l , 0 . 3 3 x 1 0 " ^ . 




iir^ t t i i t t 
Mo 
w 







CONDUCTOMETRIC TITRAIIQN3 BETWEEN 2-S LUTIDE'IE 
MD VAN-4DYL SULPHATE. 
(v ide Fig.No.62) 
V o l . o f 2-6 Conductance in mhos x 10 
L u t i d i n e o r 
VOSO^ in m i s . (a) (b) (c) (d) 
0 .0 
0 . 2 
0 . 4 
0 . 6 






2 . 0 
2 , 2 
2 . 4 
2 . 6 
2 . 8 
3 . 0 
3 . 2 
3 . 4 
3 . 6 
3 .8 



















































































15.04 1*5 Kc 
4.2 ,, ^-^^ 60.00 29.4, 
io,08 23 5Q 
4.4 * 62.63 31.26 
15.13 TO CO 
4.6 ^ " - ^ 55.56 33.33 
4.8 ^ / ^ "*®^ 62.50 34.01 
5.0 , '^ "•'° 64.82 3s,7i 
^^•^ 13.74 ee.67 38.46 
(a) 40 ml. Of 0.5 x 10-%, yrsn . . 
'" '° "'• °' °-^^ - 1°-^.VC«04 in the eell o 1 M , 
added from the burette. •^"' ^ "*"^« 
(<=^  40 ml. Of 0.5 X 10-% o fi T w . 
- 0 , . . . f.. the t e t t : : " " ^ " "^ ' - ' ' ' '•' ^ - - ^ • 
"' '° '^' »' °-33 X 10-%,.2-6 lutldlne in tH 
^-04 - e d f.o.„ the hurette. °"''°-" ^  ^ '^^ ^^  
^m 
2 - 6 <^tA,tc£icn^ 
VoC. 0^ \/a.t\>(ootut Suth^(k.W {fv z - 6 (^uMAu**. Ct^ 
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TABLE NO-66 
CONDUCTOMETRIC TITRATIONS BETWEEN QUENIOLINE AND 
VANADYL SULPHATE 
(v ide Fig .No.63) 
V o l . o f Quinol ine 
or 
VOSO^ in m i s . 4 
0 . 0 
0 . 2 
0 , 4 
0 . 6 







2 . 2 
2 . 4 




3 . 4 
























































































































(a) 60 ml. of 0 .5 x lO'^M.VOao^ in the c e l l , 0 . 2 M.Quindline 
added from the b u r e t t e . 
(b) 60 ml. of 0.26 x IO'^M.VOSO^ in the c e l l , 0 . 1 M.Quinoline 
added from the b i i r e t t e . 
(c) 60 ml. of 0.5 X 10"'%.Quinoline in the c e l l , 0 . 5 x 10"%. 
VOSO^ added from the b u r e t t e . 
(d) 60 ml. of 0.33 x lO-^ .Qu lno l ine in the c e l l , 0 . 3 3 x lO-^M. 
VeSO^ added from the b u r e t t e . 
^^^i^^/iM^L«>*>f; 




CONDUCTOMETRIC TITRATIONS BETWEEN ISOOUINOLINE 
AND VJUSADYL aULPHATE. 
(v ide Fig .No.64) 
V o l . of 
I s o q u i n o l i n e 
o r 
YOSO. in m i s . 4 
0^0 . , 
0 .2 
0 , 4 







2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 .8 
3 . 0 
3 . 2 
3 . 4 

























































































































(a) 60 ml. of 0 .5 x 1 0 " 2 M . V 0 S 0 . in the c e l l , 0 . 2 M.Isoquinoline 
"4 
added from the burette. 
(b) 60 ml. of 0.25 x 10-%.V0S0 in the c e l l , 0 . 1 M.Isoquinoline 4 
added from the b u r e t t e . 
(c) 60 ml. of 0 .5 X lO^^I.Isoquinoline in the c e l l , 0 . 5 x 10"*%. 
VOSO^ added from the b u r e t t e . 
<d) 60 ml. of 0.33 x lO'^M.Isoquinoline in the c e l l , 0 . 3 3 x 1 0 " ^ . 
VOSO^ added from the b u r e t t e . 




CONDUCTOMBTRIC TITRATIONS BETWEEN PIPERIDINE 
AND VANADYL SULPHATE 
(vide Fig.No.65) 
Vol. of 
P iper id ine 
or 











2 . 0 
2 . 2 
2 . 4 
2 . 6 
2 . 8 
3 .0 
3 .2 








































































































































































































(a) 60 ml, of 0.5 x 10'"%,VCS04 in the c e l l , 0 , 2 M,Piperidine 
added from the b u r e t t e , 
(b) 60 ml. of 0.25 x lO'^.VOSO^ in the c e l l , 0 . 1 M.Piperidine 
added from the b u r e t t e . 
(c) 60 ml. of 0 .5 X 10"2M,Piperidine in the c e l l , 0 , 5 x l O ' ^ I . 
YOSO^ added from the b u r e t t e . 
(d) 60 ml. of 0,33 x 10-%.Piper id ine in the c e l l , 0 . 3 3 x 10""%, 
•\roSO4 added from the b u r e t t e . 

TABLE NO.69 
CONDUCTOMETRIC TITRATIONS BETWEEN ACRID IN E 
AND VANADYL SULPHATE. 
(v'ide Fig.No.66) 
Vol.of VOSO Conductance in mhos x 10"^ 
in mis. ** (a) (ID) 
0.0 1.111 1.205 
0.2 1.695 1.373 
0 .4 2.174 1.667 
0 .6 2.941 1.667 
0.8 4.000 2.000 
1.0 5.000 2,500 
1.2 6.250 3.030 
1.4 7.143 3.448 
1.6 8.333 4.000 
1.8 10.00 4.545 
2.0 12.50 5.263 
2.2 14.29 6.250 
2.4 16.67 6.667 
2.6 20.00 7.143 
2.8 25.00 7.692 
3.0 26.32 8.333 
3.2 29.41 10.00 
3.4 33.33 10.53 
3.6 35.71 11.11 
3.8 37.92 11.76 
contd-
- 194 -


















(a) 60 ml. of 0,5 x 10"%.Acridine in the c e l l , 0 . 5 x 10-^.VOSO^ 
added from the b u r e t t e . 
(b) 60 ml. of 0,33 x 10~%,Acridine in the c e l l , 0 , 3 3 x lO-Vi.VOSO^ 
added from the b u r e t t e . 
^ Utri±:itttJtU^tf H I^; tiWt S g g S g H ^ ^ H r ^ ^ 
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Table No.70. 
Direct Pctenticmetric titrations bet-;een 
riVt'^' 
T o l . of a:T,in6c 
in ir.ls , ( a ) 
P o t e n t i a l i n v o l t s , 
(b) ( c ) (d) (e) 






1 1 . 0 
1 5 . 0 
1 6 . 0 
1 7 . 0 
1 8 . 0 
kiO.O 
2 ^ . 0 
2 6 . 0 
G.^^16 
0 . 4 0 6 
0 "^.P '^• 
0 . 3 6 0 
p o o <; 
0 . 3 1 0 
n. 1 V~y 
c.oso 
0 . 0 0 0 
p, r)i:;c> 
0 . 1 2 5 
0 . 1 5 0 
0 . 1 5 3 
0 . 3 3 1 
V. . t^' t_/ O 
0 . 3 1 7 
0 . 3 2 0 
0 . 3 1 0 
0 . 2 8 8 
0 . 2 2 5 
0. no 
C. 040 
0 . 0 0 
+C.115 
0 . 1 7 6 
0 . 2 0 0 
0 . 3 6 5 
0 . 3 5 2 
0 ^•'^•o 
0 . 3 1 2 
0 . 0 5 0 
0 . 0 7 5 
0 . 1 2 0 
0 1 c c 
0 . 1 5 6 
0 . 1 5 8 
p. T c;c 
0 . 1 6 0 
-
», 
0 . 3 6 5 
0 . 3 5 5 
0 . 3 4 6 
V . . • ...-• i - . ^ 
0 . 3 0 5 
0 . 2 7 8 
0 . 2 7 5 
0 . 2 6 5 
L ' . 2 V J 7 
0 .208 
0 . 0 0 4 
+ 0 . 1 0 8 
0 . 1 4 5 









1 « J (w* 
-
_ 
in t ' l e b e a k e r , 0 . 1 1 2 1 . 
• y r i d i n e ad'.Ied f r o n t h e b ' l r e t t e . 
ccn i- ,-1 •^ ^^- : . o ._i . 
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(b) IC TTI. of C.l_r. '^020^ in the Iseaker, C.n.C^'. 
<K- ' 'e thyl TDvridine Huied fror- the b u r e t t e . 
(c) IC n l . of O . i r . V C : ' \ in the be-Ver, C.1925". 
- F e t h y l n v r i d i r e •^ .^ ''hled ?ror i-he b u r e t t e . 
^ 
(d) IC Tr^ .^ of 1!'. VOJC4 i - the beaker , r .11551 ' . 
V-Vethyl pyr i^ i r e 
(e) 10 r l . of C . i r . 7^:^04 in .he b e - k e r , 0 . 1 0 S S \ 
/redt /^a/<&m.C£om^-»€C ^^rcC^iiS. 
Y^:-J 
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T-ble Vc. 71 
^T"M 1 r* n-.'F'^ . 
( R e s u l t s of Analysis) 
1 • Pyr i i^ l i"" e comp 1. ex: 
C a l c u l - t e d for 
V0(C5H5N) a04 
Observed: 
N 30^ _ V 
24.79,:^ 5 .781 3G.66,J 21.C7 
5,62,1 40.00,J 20.??, 
2» «3C-piecllne cctmjlez; 
Ca lcu la t ed for 
VC(GgH7N) 3C4 
(•bserved: _ n; qc'-/; Q O O O t TO Cp •* 
6 - p i c c l i n e comple 
Ca lcu la t ed for 
VC(C^iyi) 3O4 
o ^ 5.46;^ 37.501 10 .02 ; 
5.75;S 38.56,1 10.09 ^ 
4 • V^-picol lne comrjlex; 
Ca lcu la t ed for 
V0(G5H7H) 304 
Observedi 
28.12;^ 5.46,^ 37.S0;i 10.02;; 
6.25;l 38.02:^ 
- r o g 
•J • (-. :4 - L u t l d l n e complex; 
Galcul-abed for 
Observed: 
31.11;^ 5.18;? 35.55;:^ 1S.S8,J 
30.34>^ 5.03;-^ 35.30,^ iS .ooJ 
6 • ^j-6 ..~ _Lu11 d ir. e c o tnpjl.ex; 
Ca lcu l a t ed for 
VCCG^HQK) 3O4 
Observed: 
31.11;^ 5.18;^ 35.56,:^ 18.S81 
31 .08^ 5.12:^ 35.885^ 1S.781 
7 , Qulnol ine comTPlex: 
Ca lcu l a t ed for 
Observed: 
36,98?^ 4 .75^ 32.87,1 17.46;^ 
35.46v^ 4.37% 32.98;^ 17.181 
8 , I s o o u i n o l i n e complext 
Ca lcu la t ed for 
Observed: 
36.98;^ 4.75;^ 32.87;s 17.46;^ 
35,88;^ 4.56:^ 32.85:^ 17.23,1 
9 . xlcr.idine complex: 
Ca lcu la t ed for 
VOCCj^ M^N ) SO4 
Observed: 
45.51;^ 4 . 0 D ; 1 2 S . 0 7 ) J 14.911 
3.88?^ 28.55:1 14.SP1 
P l a t e . 3 ( a ) . I . H , s p e c t r a of vanadium (IV) pyr idine complex. 
20 
•000 3000 2000 1500 CM^ 1000 900 800 700 





• 2 0 
4 5 6 - B = ' : 11 
WAVEUNGTH (MiCR0^6i 
Pla te .3Cb) , I .H.spec t ra of vanadiura (IV) c<-picol ine complex. 
P l a t e , 3 ( c ) . I . H . s p e c t r a of vanadium (IV) acr id ine complex. 
^^^- ^ . I . a . spectra of vanadiuin (IV) y6 ,,,^,. 
» ti H T o -^^ "^  / - p i c o l m e complex. 
• ^•'^-spectra of vanadium ( iv) pyridlnp . . 
M „ ^-^'^ pyr idine complex. 
• ^•^-spect ra of vanadim (IV) pyr idine t 
" H n T R ^ pyr id ine (cone.) comple 
^- •^•^•spectra of v.^nadium (IV) o<;:niam. 
vAv;o^picol ine complex. 
P l a t e . 3 ( e ) . A. I,K.3DeGtr.o ^^ 
- » B / ; ' ' ' ° ^ ' ' ™ ' " ' - - " i - couple. . 
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J 
Boch D-irect nnd reverr.e ccnductometric t i t r a t 
p o r f o r r c d be'Gvreen "^anRdyl 3ulr;h?ite v d the ainines v i z . 
p:/Tidl^'^e.o^ , P s^d Y^  - TicolJneR. 2 :4 -i^ '^ 'd 2:6 - Lut id l rc 
2 u i n c i - ^ e , laooulTjcll'ne ''^d Icridj^^e, 'r».''"e evidence foj 
t'-.e for^-^ticn cf 1:1 -^ .nd 1:2 (i-^^et^-l: a r i ne ) cor-'iolexes, 
The r^.t io of 1:1 in the c-?.se of t he ?'r'ternct-'on -^'ith 
2 :6 - " ' 'u t idlre ^nd the r a t i o cf 1:;-' Iv. t h e cnces cf 
p.yridi"^e,o<;P ana y^-picol i r ,es were confirrred oy pocent: 
^•;etric t i t r a t i o n s . The r e s u l t s of a n a l y s i s v:ere in 
ccnfor r r i ty ^d th 1:1 r a t i o . I t i s prcbahl.e t h a i in 
Gclu t icn coo rd ina t i on v;ith two r o l e c u l e s of the c^-i^e 
n:ay t - h e p l a c e . The r e s u l t s of a n a l y s i s e s t a b l i s h e d t 
f o l l c r i n s f c rnu l ae for the complexes cf p y r i d i n e , «K-p: 
l i n e , P - p i c o l i n e , Y ' - p i c o l i n e 2:4 - J ;u t id ine , 2:6 -i:U 
. 0 -
. 1 -
d i n e , ^^uinolinc, I soGuinol ine a^d I c r i a i n s . 
79(05115^)304. 
/ 0 {2 Q.^r^! J; -f '^  4 . 
\-rr. ( ri ' - IV> ,• p , 
ad Y0(C,3H9M)3c^. 
-, onr, 
The i n f r a red spoc t r a of oxcv':inadiur:, VC 
cc rp l exes -/Ith p.-.a-idine, 2 - picoMrje, a c r i d i n e gnd 
q u i n r l i n e vjere s tud i ed in t h e region 3C€ - 4000 cm "^ . 
The ass i - in ren ts to the bands -arising fron' t he coordina-
t e d 3J"-'r:es ^re '^iven on t h e b a s i s of t h e previous s tud i e s 
on h e t e r o c y c i i c nmine coniplexes c a r r i e d out by a l a rge 
nu:rber of v/orkers. On the b a s i s of those s t u d i e s i t 
Tr:ny nou be s a f e l y assui^-ed t h a t on coord ina t ion t h e r e 
occur ro rrajor changes in the s p e c t r a of paren t arfne? . 
The band assignments are given under experirr^ental. The 
two important reg ions v.diich a re expected to give sore 
i^eaningful informat ion regai-ding the coord ina t ion of 
amines wi th the metal a r e 1450 to 1650 region vxhere 
( r i n g 00 & ON) s t r e t c h i n g ' v i b r a t i o n s occur and 700 to 
SCO cm "^  region where Cli out of p lane deform.ation v i b r a -
t i o n s tal<:e p l a c e . 
The ( r i n g CO & CN) s t r e t c h i n g v i b r a t i o n s in 
t h e nmines a re found t o be a f f ec t ed on coordina'^ian 
in two -.'.'ays ( i ) r educ t i on in the number of bands and 
( i j . ) iBc rease in t h e i n t e n s i t y of t h e bands: 
p y r i d i n e 1440 ( s ) , 1485 ( s ) , 1585 ( v . s . ) 
1600 ( s ) , 1635 (m). 
VC(py)3C^. 1480 (s), 1530 (IT-), 1615 (s). 
o<-.picoline. 1440 (v.s), 1475 (v.s), 1565 (v.s) 
1590 (v.s), 1600 (v.s). 
VO(?c-^^)S04 160O CV.S) 
Acridine 1470 (f), 1500 (f), 1550(f), 1630(f). 
VC(Ac)304. 1610 (v.s). 
:l rinpber cf b '^-nds of variour, i n t e n s i t i e s observed 
in Dyr id ine , c<-picolip.e v'.d a c r i d i n e were fjiond to be 
reduced to 9. s i n g l e band of s t rong i n t e n s i t y on coordina-
t i o n a ' i th the n e t a l , v^+ien the s p e c t r a ^ r^ere s tud ied in 
t h e region 700 - 800 cr'" . There a re two r o r e narked 
changes observed in the Gli out of r J a n e d e f o r r a t i c n 
modes of t:he -amines namely the s h i f t i n g of t h e bands 
t o h igher freouency and i n c r e a s e in i n t e n s i t y . 
p y r i d i n e : 810 ( f ) , 745 ( s ) , 700 ( v . s . ) . 
Vn(py.)30_^. 760 ( v . s . ) 
^ - p i c o l i n e : 810 ( f ) , 800 (m), 750 ( v . s . ) ,730(s ) . 
V C « " p i c ) a 0 4 755 ( s ) . 
Ac r id ine : 820 ( f ) , 735 ( s ) , 705 ( r ) . 
VC(Ac) 3r^. 740 ( r ) . 
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The changes in the (r in^ CC & CN) s tretching 
and Gii out of pl-^ne defcrrr'-'tion vibr^.tions may be 
expl-'ined on t'-^ .e basis of coordination of metal ion to 
the t e r t i a r y ni trogen a- d the ch^ -'^ i^ re d i s t r ibu t ion arounc 
the ^^etal ^^ nd the heterocyal ic nitro^gen (strong <y donor 
and weak 7\ acceptor) r e su l t i ng in the form.ation of a 
s t rong metal - nitrogen bond. 
The strong band observed at 965 cm"''^  in a l l 
the cccrdinated andne3 is assigned to V - 0 s t re tching 
v i b r a t i o n s . The i den t i c a l pos i t ion of th i s band in the 
spec t ra of a l l the complexes may be due to the eaual 
chajzlge d i s t r i bu t i on around the metal ion coordinated 
to bhe t e r t i a r y nitrogen of the heterocycl ic amines. 
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":T- ( i i i ) r\/y . p -
Tv,-)-n t r c ' i ' i c t i c n . 
fhe lov^er ^r^,ler^cy :-t",te of t i t^pircn t h a t 5; 
t h e ^ r l v ^ i e r t ryt-'te h-'S '^ r'^ --^ '" ^cnslh'cr-^h;;'e i r t e r e n t . 
Cc-T-.:.>ro:: cf J i t - n l i i r ( i l l ) v i t h f c r r c - r ' -! -1 . 
r. 1 -• 7 • r i ' ' , CTCcthol 3r;e, Ditbi^C'-ch 
T C O 
? - "^  0 ''• H 'C^G "i ' J ^^.1 ir- T --r^'. 
-1 / - « , ^ . 
.-' ' ? 
.153 
1 <:; 1 " f 
beG:''\ 3 : u i 3 c i In t!io":e ^ ".bor-itcrie" . 
-rthorhe'~-^rthro'^-lne '' h-^"o 
( I M ) 
• C I T S :le:-:G;: -v/ith d inyr idy l "''"i crihcr-hur-i arc J. i r e ic 
^••r'bor CI ccno: 
- 1 ^ - ^ - • , )!•;'" CC^ 
1 . ^ , . - '^  - , , 
•ere 
In lonGC.ic 3G]ru.ior'o 
f-:•.• 
pno-.'--c '^ v - . . . n 
-^ ? 
. ^ -
-/-> 1 . , V- 1 
2C4 
-'-1 ^ . ^ - i . - - . : - -
< ^ - ' • - 1 . .^ r'.e TM'ovou'- iTC . 
2l:e -"^"^ro? -were TISO d i sso lve- ' ir: f i t sar^e s o l v e n t . To 
a given voltiffie of tit-anlmr; ( i i i ) c hi or i ce s o l u t i o n was ' 
the ^oluticTi of •'•r --"'iTie t i l ' ' , couicus O *^ ' .•'N •• T > ^ r ' / " i 
V . 1' '^  T V . , 
• • i : u - ^ u : ' o - , 
._0 I l , T Ult;^^,, _i.\l. , , : .1 
VCi ' 
'-'• > - ' o - " ' 5 
r* T' . ": r* ", 
i 1 , - - ^ 
• ? - -
ii;Te-
s^ -.;-': M^sc.'e-
- ^ " i V '1 
- > - 1 . - . , . •! 
'• oe. 
- , , , ,,,-^.1 ,- V- -1 
• . . A : 1 . r ' • 
'Iv:-^ 73 : or . 
- • • - . / 
• 1 . , , , : " . . 
c c ;;i.' ' c G 
fV- "^  1 : 
-> -\ v> : r* f ..,.. 1 
' 5 
.rro(- • n ; -
. ' . c V V • • J / 
"" " 1 r.'. 
'' 5 
'' o c ;' o ** -? /» /i r .'" -i> ^ 
V i; c/, . . J 
1 
74-0 ^ r . ^ ^ . ''/^Cvf"^ 
T c-.''-n, 
' i ^C(:-0, 132: 
2?CC 
. C - - :..-y- 3X: 
Knf;, 
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,^. c -I-hGncti 
730(7.f), 78C(f), eiC(r:0, 
C10("i), lC3C(s), llCoCb .. -) 
1150(r), 
2500 (h o. r:, 2S20(b c: -) , 
2230 - 2270(b & T-:) 30r0(v.f}. 
O • •: j - i ^ i ' b.^j - ! 
~ .p-f^-\ •- O r. [ ^ ''• -) n~ n ;' -•> '• 
1 5 7 5 ( v . s ) , 1 6 0 0 ( - . r ) , i 3 x C ( v . f 
1 6 0 0 ( v . 3 ) , 3 0 4 0 ( v . f : , 3100(b> 
3210 ^ 3 2 3 0 ( b 0 - ) . 
4 0 5 ( v . 3 / , 5 2 C ( F . f ) , [:.:IZ. 
6 3 0 ( f ) , 6 4 C ( r ) , 7 0 0 ( v . f ) , 
7 2 C ( v . f ) , £ C C ( v . 3 ) , l C C o ( r ) , 
l 0 2 C ( f ) , I 0 3 5 ( s ) , l C ? C ( v . s ) , 
1 2 C 0 ( 3 ) , 1 3 2 C ( v . s ) , 1 4 0 C ( v . f ) , 
3nyler.£ •rii'^' ' "Tl p 1^ _pi TT -^ 'i "1 O y • 
.150 ( r ) , 1 1 3 5 ( f ) , 1 
1 4 7 0 ( v . 3 ) , I 5 4 0 ( r - ) , l € 0 " ( v . ; 
2600 (b i. : : ) , 340^ (b /' - ) . 
8 . -• - 1 :^inc ccT^ p^ 
1 2 6 5 ( - ) , 1 3 6 0 ( : 0 , 1 4 1 0 ( 7 . 3 3 b) , 
I 3 7 5 ( b 3 r ) , I 7 1 5 ( b 3 rj . 
3100 - 3400(b C: r). 
v e r y , b ^ b r o ^ d , •r- T 'p .V ' i . ^ i l ' *" _ a-- i • f =^C-'b^G 
OOP. 
T a b l e Nc . 7 2 . 
( R e s u l t s of i n a l y s i - ^ ) 
1 • m _- Xyl i r j ine co rp 1 e:-:: 
Gn. Icu la ted f o r 
U g i i i ^ i >3 i i ^ l 3 . 
O b s e r v e d : 
CI 
48.3?:^ 5 . 5 4 1 7 . 0 6 1 26 .84 / ' 12.OP 
6.83;^ 5 . 8 2 1 2 5 . 9 9 1 12.08 
2 • F,. r.,. '^J'-isidir.e corr^r)] ex 
C a l c u l a t e d f o r 
(G^Ho^ • 0 / •, TiG 1 o 
Observed : 
41,92)^ 4 . 4 9 1 6 . 9 8 1 2 6 . 4 5 J 11.97. 
1,16% 2 5 . 4 8 1 11.89,: 
3 . Q _ . r _ . ^ l i s j J i n e _ ^ o r p l e x : 
C a l c u l a t e d f o r 
(C7lIg?'C)2 T i C l s 
O b s e r v e d : 
/ . I Q » ;^-s 4 . 4 9 1 6 . 9 8 1 2 6 . 4 6 1 11,07 • 
5 . 2 4 1 6 . 7 1 1 2 5 . 8 8 1 10.^'4 ^ 
4 . ILJIL. F h e n e t L d i n e c o r p l e x : 
C a l c u l a t e d f o r 
O b s e r v e d : 
C a l c u l a t e d f o r 
(C8Kir:o)2 ricis 
O b s e r v e d : 
^•^.801 5.11:^ 6 . 5 3 1 2 4 . 8 5 1 1 1 . 2 ^ 1 
4 3 . 6 9 1 5 . 9 8 1 6.62;'^ 2 4 . 3 5 1 1 1 . 0 9 1 
4'^ .SOl 5.11,9 5.531 24.85.; 11.201 




(C^rlsNaC}^ T iC l3 . 
Ob.rerved: 
36.13,^ 3.0l ; i 1 4 . 0 5 , J 26.72;5 12.C4, 
lA s 5 ; .•'^ . op 
• ^ . J 
7 . oei^zidine coTTnolex: 
G^lculaied for 
"^ 12-12^ '3) ^IClo 
Observed: 
42.541 3.54:1 
C - Phenylene d j a r i n e ccrirvlex: 
Ca lcu la ted fc r 
{Ca^^.^2 - i - ^ 3 38.86; 
Observed: 
S. Acr ldlne „ coir]Dl.ex: 
Ca lcu la ted for 
(C13H0IO2 TiCl3 
Observe3: 
6C.S72 3.512 5.46,1 20.78; 
4.P3:^ 1?^87: 
O OP 
10. P - n a p h t h y l a a i n e corr.plex: 
Ca lcu la ted fcr 
Ob::erved: 
6.351 24.06.! 10.391 
6.3?1 23.P61 IO.O9I 
P l a t e . 4 ( a ) . A, I .K.spec t ra of t i taniiua ( I I I ) o - phenetidine compli 
" " B, I .K.spec t ra of t i tanium ( I I I ) p - phenetidine compl( 
,VEl(rJGT|| (MICVONS) 
V 10 12 15 20 ! 




W-^^, / Nr^ 
B JO • » « i . , < l 
4 0 0 0 V — " • " 











. ^ -^ , 
'•1 ••• . i ^ l l 
P l a t e 4 . ( d ) . I .E . spec t r a of t i tanium ( I I I ) p -an is id ine complex. 
Plate 4.(c). I.H.spectra of titanium (III) nicotinamide complex. 
Plate 4.(e). I.R,spectra of nicotinamide 
_a! !t_ _ ! I 3: ! ! -
,/^.n^„^, 
J 
Plate 4 . ( f ) . I.H.spectra of titanium ( I I I ) acridine complex. 
. n\[f 
Ti TOti 25 XJ 10 
rn. 0 r 
« 
3000 KOO 1600 1400 1200 1000 >00 «00 400 i«v' JOO 
Pla te .4 . (g ) . I.E.specta of titanium (I I I ) benzidine complex, 
iOOO FWQUINCY 3300 3000 2300 2<W0 
J 
Plate.4.(h). I.a.spectra of titanium (III) o - anisidine complex. 
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LJ .i J ^ 'J ..^ .J 1 V,' 
J i.n3ly,?i3 shovei t'~e fo''l.c.v'l'' 
fo r the t i t -n i ' : ) ^ ( i i i ) chlc ' r ide cr^Fplexo" of r^  ~ 
P - A;^i5idine, c -
• • r - n l o . - . 
V -' ; - - P f . 
"••1 *1 ".' T ?"•* "1 ^ ; r 
TTinotin-Pid 
•neneti -'i"G 
•• r' -i •- p . 
^ 
.•ii' d p - n-^phthyl 'i.pjnG resp ' i c i i ive ly . 
,'' ^ :'T •\^ r- \ ii J --11 
^ " 8 ' 1 1 ' ^2 •'" ' - 3 
^J! O c-i i'^ '^ 
/• ,"< ~jy T.T • , ^ .--, ' n 4 /"^  n 
_L*J . ^ ._> 
/• ^ - T ' , r •> 71 • ,-T - | 
V J -1 p , i lO ^ • J O i J- '•,' J •-} 
The bind i":3i,::nrs'^:"t;3 tC' t h e v^^rious vi ibr '^t ioral 
f rcquenc ies cf bhe coord ina ted '"\rr;inea -^I'e ;-er^er-^,l''y r:=-:de 
by c o r r e l a t i n g thei:: y i t h the s p e c t r a of the correryr^ndin;: 
arninec \-.Q.th the assumption t h a t cr. coord ina t ion no ""aici' 
chan-jc- occur In the s n e c t n l neakn. 
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' • ions . ring 
str. vl'o^s . 
Gil i n 




Gil out of 
plane 
defcrr-i-
t i on 
vibns . 
3100-3400 
(b & P O . 
l 41C(v . "&b) 
I 4 7 5 ( v . 3 ) , 
1 5 6 5 ( v . 3 \ 
l S l 5 ( f } , 
1 0 5 0 ( f ) , 
1135( r , ) , 
1 1 6 0 ( f ) , 
1 1 0 0 ( f ) . 
760 ( f ) , 
7 8 0 - 9 0 ( b .•': i 
0- Phen :./len e d i •^  '""in e 
complex: 1 4 3 0 ( r ) , 
1 4 7 0 ( v . 3 } , 
1540 ( r . ) . 
1060-lOSO 
(b 
1 1 5 0 ( f ) , 
1 1 8 5 ( f ) . 
745(s) 
3 en jyJ , imi_cojnc lex : 
1 4 9 0 ( v . y . - ) . 
1 5 1 0 ( r ) . 
1 0 0 5 ( r ) , 
1 0 2 0 ( f ) , 
1 0 3 5 ( s ) , 
I 0 9 0 ( v . 3 ) , 
I 2 0 0 ( s ) . 
640 ( r'-: ) , 
BOO(v.s) 
loo t i r i ' ^ rn / !e 
c onril ex I 1 4 4 0 ( s ) , 
1 5 2 0 ( s ) , 
9 9 5 ( f ) , 
1 0 1 5 ( f ) , 
64o K^,7; 
760(b <:, • 
- 21S 
1575 ( v . 3) l lOO(m), 865 ( r i ) . 
1 1 3 0 ( F I ) , 
1 2 1 0 ( f ) , 
1 2 3 5 ( s ) . 
£ r 2 n e n e t i d i r e 
1 4 2 5 ( f ) , 
1 4 6 0 ( n ) , 
1 5 0 0 ( v . 3 ) 
1 0 3 0 ( s ) , 7 3 0 ( f ) , 
llOSCb & r ; 7 8 C ( r ) , 
llSO(TrO 8 l 0 ( s ) , 
1130(m) . 9 l 0 ( i p ) . 
ccmEleiCi 1 4 2 5 ( f ) , 
1460(m) , 
1 5 0 0 ( v . 3 ) . 
1 0 3 0 ( s ) , 7 3 0 ( f ) , 
1105(b & F ) 780(Tn), 
1 1 6 0 ( 3 ) , 8 l 0 ( s ) , 
1190 ( r ) . 9 1 0 ( ^ 0 . 
0 - I n i s l d l r i e comri lcy. 
1440 (r^), 
1 4 6 5 ( r ) , 
1 4 9 5 ( v . 3 ) 
1 5 2 0 ( f ) , 
1560 ( s ) . 
1 0 1 5 ( v . s ) 
1040 (rrO, 
1070(m) , 
1 1 2 5 ( s ) , 
i i e o ( s ) , 
l l B O ( s ) . 
7 '^0(v . - ) , 
8 2 0 ( f ) , 
8 5 5 ( v . f ) . 
£ - M i s M i i i G . _ c o 2 ^ 
1415( f ) , 1 0 0 0 ( v . 3 ) 700 ( r : ) , 
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1435(f), lC90(Tn), SlC(v, 
1445(f), 1145(v.s) , 
149C(v.3). 1170(s). 
In the case cf aCL-'idirie corrplex the CII out of 
plane ^nd in plane deforTration vibrat ion froquencies ":id 
r in^ GC, CTT s t re tching vibrat ions are shifted to higher 
freqiiercies on coordinat ion. The aroiratic d"^  vlbr'^tions 
in C - '^!I.;, are expected to give mediur and sharp band in 
the region 1340 - 125C, In o -nhenylane diamine coirnlex a 
feeble nea.k appe-rs at 1255. This peak occurs at 1320(v,s) 
in benzidine co""t>lex, i t 1380(rr) in c & n-rhenetidine 
cotrnlexes, at l30C(f) in o -:i.nisidine cornlex and at 131C(f 
in p -"Anisidine cornlex. xhe = c - o - band recurs at 
1245(v.s) , I245(v .s ) , I260(v.3) and at 1240(v.s ' in o & n -
Phenetidine and o a p -"j i is idine complexes respec t ive ly . 
In Micotina^^ide the •'HI s t re tching vibr'^,tions 
occur at 3150 & 3350 whereas ir the ccinplex these are 
shi f ted to 3100 & 3230. i i r c i l a r ly the C ^ 0 vibrations 
occur at 1660 in Nicotinaride T;hich is shif ted to 169C 
in the co^rOex but rera ins eoually s t rong. The I .R. do. 
not ;^ive evidence for the coordination ^-/ith nitrogen cf 
:i 
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the iTIi.p .^roup. i ince the nitro:5en of the heterocy;3-ic 
r ing has a be t t e r cendency to coordinate, i t is probable 
t h a t the coordination must have occurred at tha t '^i te. 
In henzidi.ne complex the 1:' ~ CI vibrat ions \rere 
found to occur at 370. 
The 'III deforrraticns in 0 -Pher-otldine occur at 
1630 vThich are shif ted to 1600 and the T)eak becomes very 
feeble on coordinat ion. S i r i l a r l y in 0 - In i s id ine thr's 
peak occurs at 1640 uhich changes to 1625 in ortho and 
to 1600 in para - . I r i s id ine . I t r^ ay therefore be ccnc].uded 
tha t on cccrdinat icn v'ibh nitro'^en of IHp group, the stron; 
peaks due to Mil deforir.aticns are shifted to lovrer freouenc: 
ard becone very v;eak. 
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ClarkO has assigned the 868, 848, 734, and 718 
cm-i frequencies in TiClifphen) and the 782, 
845, 737, and 720 cm"' frequencies in VOCio-
(phen) to out-of-plane h\-drogen-deformation vi-
brations. He has given (he region from 300 to 
380 cm~' to M-Cl \ibrations, which we did not 
^'"d>-. Schiit and T . , . . ' ' ' ^ 
r:^^^^^'>- 'hat t h e ' S S s . ' " T — e d t h c 
- e t y i a c e t o „ e . , ; i ! 3 - ^ - ^ ^ 5 c „ . - , „ , , , 4 0 
be located at 1040 e m - ' ' V ""''• '''''""^^ '^ o 
Peai. . Observed i„ .he ea f o f S ' ' " " " " ' '' '^^^^^ 
15!9 . ' M die vanarJ,-! ' '^50, 
^ ; / : ' a«d 1660em-n, "T \ ' °™P '« ' 1^30 
SchdtandTayJorOin ' ; , " ' ^^^ t^ ^en observed bv 
°[°'-«^ophenamhro, ne i f f '"™'^-- o f - m p t . ' s 
.'^ '^ '^•- ^^  quue a stron. ab.o! , "'^° °'^ ^"v<^d that 
: - ; ; ophenan th ro ,mf : ^ S . / - f .at 3350 c n S 
° -^'-Ocm-i hi (J-„. ' , ' ^'^ ^•^hich is shift , 
^^  '^^-o^.s cc^.^ ; - : ^ t ' - - p i e x , w h c " ^ ; ^ 
beeonies vp-,. P'^ 'aJ; at thk r 
- ' P^ausiWe ;„ a:;,""^- "' * ^ P - e n l ^ ^ ^ ; r -
- - - -rdniJ^t-^J-^-yo t^ :^; ^ ^ 
:::^i^->out:^..f-;^--..ieswi5; 
o\ . 
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ABSTRACT 
Chromotrope 2B gives a pink coloured solution in water and forms a less pink complex with 
Titanium (111) chloride. The X max ft r the ligand as well as ihe icmplex is 520 m/A. Beer and 
Lamber t s Law is fcjund to hold good a t the concentration lange of 0 '375x ' 0*8 — 0*5X 10"*M. 
Job ' s method of continued variations in aqueous solution ai d in neutral pH buffer yields a molar 
ratio of 1 : 2 (Titanium ( H I ; chloride : CI romotrope 2B). The same ratio emerges from nnolar-
ratio method. The complex is stable between pH range of 2 to 9 while above this range precipita-
tion occurs on keeping for sometime. A structure for the complex has been prof oscd. 
Chromotropic acid is well known for its chelating properties and has been 
extensively studied. Comparatively veiy little woik has been doi-e on metal 
chelates of /'•nitrobenzene azochromotropic acid (&odium salt) known as chio-
mofrope 2B (abbreviated in this paper as CTB). Titanium (111) chloride forms 
a complex with chromotrope 28, which is less pink than the chelating agent itself. 
The present communication deals with our spectrophoiometric studies on this 
complex. 
EXPERIMENTAL 
Aqueous solution of titanium (III) chloride was prepared by dissolving 
crystals' of TiClj.GHjO in air free double distilled water and standardised.* 
Always fresh solutions were prepared before use and kept covered with a layer of 
kerosene oil throughout the investigations. B. D. H. leagent grade chromotrope 
2B was used for preparing its solution. 
For spectrophotomctric measurements Bausch and Lomb spectronic -20 was 
used. Titanium (III) chloride and chiomotrope 2B were mixed in the molar 
ratio of 1 : 1, 1 : 2 and 2 ; 1 and solutions o5 diflfeient concentrations were prepared 
by diluting with air free double distilled water, to verity the applicability oi Beer 
and Lambert's Law. It was lound to hold good foi the concentration range of 
0-375 X 10-3 to 0-5x 10-*M for 1 : 2 complex. 
The method of Vosburgh and Cooper' was employed to ascertain the nature 
of complexes formed in aqueous solution. 0-5 X 10-*M solutions of titanium (HI) 
chloride and chromotrope 2B were mixed in the ratio of 1 : 1, 1 : 2, 1 : 3, 2 : 1 and 
0 : 1 and their absorbance was determined at different wave lengths in the 
visible range. The \ max. for the complex as well as chromotrope 2B is 520 mt* 
(Fig. 1). 
0"8xl0-*Mand 0-6xl0**M aqueous solutions of titanium (III) chloride 
and chromotrope 2B were mixed according to Job's method of continued varia-
tions* for two sets, their optical densities noted at 520 mf* and the 'Y' plotted 
against the composition ol the mixture (Fig. 2). 
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Molar ratio method^ was also employed to ascertain the composition ol 
the complex. In one set of experiments, the quantity of titanium (III) chloride 
was kept constant and that of chromotrope 2B was varied and in another set, 
the quantity of chromotrope 2B was constant and that of titanium (III) chloride 
was varied (Fig. 3). 
To determine the effect of pH on the formation of the complex, equimole-
cular solutions (1 x 10"*M) of the reactants were mixed in the ratio of 1 : 2 (metal : 
ligand) and then ten times diluted with buffer mixtures of pH values from 2 to 
9, Above pH 9, precipitation occurs on keeping for sometime. The optical 
densities were determined at different wave lengths in the visible range. It was 
found that maximum absorption occurs at 520 mji at all p 9 values. (Fig. 4). 
The complex was studied at neutral pH buffer by Job's method (Fig. 2) and 
at constant ionic strength of 0-lM KCl by molar ratio method (Fig. 3). 
DISCUSSION 
Job's method in aqueous solution and in neutral pH buffer gives the molar 
ratio of 1 : 2 for titanium (III) chloride and chromotrope 2B. This ratio is 
confirmed by molar ratio method performed in aqueous solution and at constant 
ionic strength. Sommer et al,'' suggested that chromotrope 23 in aqueous solution 
and in acidic medium (O-lN Hg SO^) displays maximum absorption at 517 m/» and 
exists in the form given below : 
O OH 
1  1 
^^HJ .03sAAAso3-
Since in our case the medium was neutral, the following structure may be 
suggested for the chelate. 
\ y O OH 
/I ^ O OH 
/\^H-N=AA 
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Kitrofiru :;iide Complexes of Divalenl: Coba l t , E i e k e l , C-dmiumj 
^ i n c , 'Jopper, l.an£;anese, I ron and T r i v a l e n t Titaniura. 
By 
Lohd, Kahfooz Khan and Kaseer .ilmiad 
i^eparbiaent: of C h e n i s t r y , .J.ij^arh I-Iu:;lim U n i v e r s i t y , Ali;?arh, IFDIA. 
Jodium n i t r o p r u s s i d e ha:; lon^ been used in cho o e t e c t i o n of 
su lphur in ort:.;,nic coi:.pounds. fhe a l h a l i n e t a l su lph ices r e a c t 
w i th sodiiua n i t r o p r u s s i d e forminc complex hav in r the coiuposition 
1 2 
{Fe(wh) ci'0J)7 ocat;li;-.rini isolated the reaction product of 
n i t r o p r u s s i d e and su lph ide in methyl a l coho l .^ .s v i o l e t c rys t . - l s 
and c-tvc the composit ion as ha4(Fe (CK)^-03}, he f u r t h e r observed 
t h a t ^he hodekar r e a c t i o n between sodium n i t r o p r u s s i d e and s u l p b i t e 
ion deeends u)3on t h e formation of the coloured ion (0:lUiOr,) - - -
* -^  o 
++ TV Pe - " - (CK)i-) which forms a s a l t \ilth cadmium. He l a t e r on o 
r e p o r t e c t h a t t he ion forms s a l t s of t h e type IlptFeCClO^IOSO } 
12n^0, 2C^n^ T; in t h e p re sence of hexamethy] ene t e t r amine with 
2 6 12 4 
some mefcu.! s a l t s (.. = Cd, /^ n and hiCBH^O), Gusev and Irenes'- ' 
r epo r t ed the re-vCtion of f e r r i c s u l p h a t e and a n t i o y r i n e vjith sof" ii"' 
n i t r o p r u s s i d e and found t h a t fFe(C-,-,11 ^0H_^)^1 , CFe(Ci:)^:"Ol i s 
•^~ -i^ 2 ti'2 5 "^ o 
produced. In 1950 hrustier and Fern.indez* isolated a blue solid 
{Lag(i''e2(ClOgC2)] from the products o^ ' the Lyon rlayfair reaction 
(sodium nitroprusside sodium sulphide), ilose"^  used the Interaction 
of sodium nitroprusside with tctracyano nickelate in the presence 
of :j.n alkali for the quantitative estimation of nitroprusside. 
4 Uao(?e (CH). hO) + 10 haOIi + haohi(Ch)^ 
= 4 ba4 ?e (Ch)^ + 4 hahOg + 41120 + hi (Oh)2 
by determining the amount of nickel with dimethyl •;lyoxime in the 
liberated Ki(0:i)^ it was possible to calculate the amount of 
nitroprusside, 
oodiuin nitroprusside reacts in aqueous solution with some 
metal ions viz., ao , 1,1 , ua , an , --u ,-Jin , Fe and Ti' 
giving differently coloured precipitates but strangely enough do 
not find mention in the existing chemical literature. The formation 
of these comple;:es has been studied in a lueous solution using direct 
and rover36 conductometric c..nd th^^nnometric t i t r i fc iono. The 
complexes were i so la ted and-aniuysed end the r e - u l t s are neing 
presented in thiy communication. 
j ^ ^ I M ^Ih MR 1 ^k 
6 7 
* otandai:d solutions of the cjilorides of cobalts j nickel , 
caamium J zinc , copper and manganese-*--^  and iron sulphate "^  
were prepared from b.D.H, -ijaalail or 2, I.erck products, standard 
solution-^ of tit-^nimi (III) chloride was prepared from riClo. 
QdJj crystalst" Ihe scandard solution of soaiujii nitroprussioe 
was prepared hy dissolving the requisite amount of llap ('Fe(CH)^ !:o] 
21iJ) (B.L.H, A.H.) in air free conductivity irater^^ Since titanium 
(III) chloride is apt to hydrolyse and undergo atmospheric oxioHtior, 
fresh solutions were alvrays prepared before use and kept covered 
v;ith a layer of Icei'osene oil throughout these investig-^itions. 
i^ irect and reverse conducbometric titr:..-^ ons were performed 
usin^ solutions of metal salts and nitroprusside in conductivity 
itfater. In the G<^ se of titanium (III) chJoride, air free conducti-
vity water was used. For measuring uonductivity, r^ hilips conducti-
vity bridt:e i'^  model 9500 was used. (Fig, Ko.l), 
For thcrmometric titrations 5 a well insulated -ewar's flask 
of 100 rol. caiiacity v/a;; used, fhe burette v/as wrapped with rxsbestos 
on all sides except for the streak left to make the graduations 
visible, fhe solutions were kq)t for sometime to atcair; room 
temperature before actually starting the titrations. Variations 
in temperature v;ere noted by a Beckman thermomieter. both direct 
and reverse 'titrations were carried out (Fig, IIO, 2 ) , 
The potentiom.etric titrations were p-rformed v/ith the help of 
a iinsley potentiomieter using a lamp and scale outfit. Only direct 
titrations in the case of cobalt, copper and titaniiim. could yield 
any results (Fig, bo. 3). 
xhe coinplexes were prepared by riixing auueous so]ntion5; 
of met-:.! s,..ltj ..nci sodium nitroprusGiae in eciuinoleculir proport icrs . 
Jhe p r e c i p i t a t e was centrifuged, v/ashed f i r s t t-ioh x/ater and then 
repeatedly with 50^o ethanol t i J l the centr i fugatu i^as free from 
metal s a l t and nj. troprusside. The precipitate:^ of rnan^ ; i:esc :.nd 
t i taniuia complexeG v/ere obtained in metlryl a lcohol . The prec ip i -
t a t e s wci'c ar iec in a vacuim desiccator over ^.uich liii.e for several 
d^..y3. The colours of the dried con:ple:-cs of cobal t , n iche l , cadnium. 
zinc J copper, manganese, iron and titanirjii were d i r ty pink, almost 
black J lit^iit buff, l i g h t rose coloured, b lu ish ^reen, almond 
coloured, baked clay coloured .uid ulack respec t ive ly . 
ii wei^ihed quantity of the cobalt coL^plex vas fused -with 
fusion r^ixture in a platinum crucible and dissolved in d i l u t e 
n i t r i c acid. Iron was separated as hj'-droxide, d r ied , ignited and 
weighed as 1^ 6202 , the f i l t r a t e evaporatef. to dryness, dissolved 
in d i l u t e riydrocijloric acid, cobalt p rec ip i t a t ed with - n i t roso-
naphthol and weighed as cobalt siilphate. 
The fused nickel complexes was dissolved in d i l u t e hycrocMoric 
acid j.nL then nickel and iron were separated and estimated accorcir • 
I K 
to the metnoo used for nickel steel."^ 
The cadnium complex v/as fused, dissolved in d i l u t e sulphuric 
Q 
acid and cadmiujB estiraated"' as sulphate a f t e r f i r s t p rec ip i t a t ing 
i t as sulphiae and then iroxi was determined as hydroxide. 
From che solut ion of the fused zinc complex in d i l u t e nydro-
ciiloric ac i a , iron was precipicateci as hyaroxiae m ciie presence 
of excess of animonium clTLoride and then zinc p rec ip i t a t ed and 
Q 
weighed as zinc ai.mionium phosphate"^. 
After uho necessary fusion and dissolu t ion of the copper 
complex, copper was estimated as cuprous thiocyanate-^ and iron as 
oxide. 
?ron the solut ion of manganese comple>cE as prepared in other 
cases , i ron \va3 p rec ip i t a t ed a t pll 4 and manganese a t ph 9 as 
hydroxidel'^ and l a t e r on manganese estimated as carbonate . The 
i ron complex wasAised .md t o t a l iron estimated ss oxide. 
^ ^ 
i'he meGhod of decomposit ion of th'- t i t a n i u m conpicx UDG 
Gubcequent e3ti ; ; :at ion of tii^aniiim and i ron as oxides was t he 
same as usee in the a n a l y s i s of fe r rocarbon t i t a n i i T c r ; -he 
coniple:: ^sMe te:j'i: for c h l o r i n e which was es t imated as s i l v e r 
c h l o r i c c from a s e p a r a t e saiaple. fhe sample vja : d i s so lved ir^ 
d i l u t e n i t r i c a c i d , excess s i l ' / e r n i t r a t e was aaaed , the p r e c i -
p i t a t e washed wi th cold water s e v e r a l t imes i i : a Cooch c r u c i b l e , 
washeuj a r i e ^ ..aju weighed. 
For the est i! ; iat ion of vjater , a wcij^hed quantity of the J0i;iple: 
was hea ted to 80 d i n an oven, d r ied in a vacuum d e s i c c a t o r over 
fused calciuni c i i lo r ide for s e v e r a l hours and rewei^hed. fhe los s 
i n weight £;aVG tite aiftount of water i n t h e coap lex . i l i c r o a n a l y s i s 
was done for t h e o.eterriiination of c .rbon and n i t r o g e n , 
HmULTS MP. DISCUSSION 
-he r e s u l t s of a n a l y s i s a r e given below: 
do b a i t doi:ipl.e;: : 
Ca lcu la t ed for do Fe h a II^ O 
Co [_he(dlO^i0]2H20 lS.96)i 17.96,. 27.02); 19.36;: 11.5^,; 
Observed 19 ,1 ; . 18.1). 26.40;^ 18.6;; 12.6^,. 
d i c k e l coniple;^ : hi. Fo K C h^O 
Ca lcu la ted for 
d i [>e(Ch)5^^0j21i20 18.90;. 17.98,. 27.C<yv 19.32;; 11.50,; 
Observed 17.9;. 18.93/. 27.02;; 18.4;; 12.d,^ 
Cadmium ,vp£:ipa.e^ : 
Ca lcu la ted fo r Cd Fe 
11.33;; ^d [_Fe(Ch)gi:o] 34.24;^ 17.01;; 25.59,; 
Observed 34.S>; 16.Bf; 24.44P 17.6f! 
d ine Complex, : Zn Fe T. C Ee^P 
c a l c u l a t e d for 
Zn [Fe(CN)c^;o] Zil^ 20.60;; 17.60;; 26.48,; IP .91 
Observed 20.9;; 19 .2^ 25.34;: 18 .1 , ; 
1 -\ nrt' 
11. s;'-
- 5 -
'Jop^ '.i or wQcip 1 ez : "^u Fe I- G 
Ca l cu l a t ed fo r 
Cu [Fe(0K)5^;0j . 22.74^ 19.39^^ 30.06^. 21.44iv 
Observed 22.57;J 20.5,^ 30.1^^ 20.S;i 
i>an;'-arie.se. JoDi|)l.e^ : Im ?e II 0 IlgO 
Ca lcu l a t ed for 
Hn peCOlOgfiO] SHgO 17.89y& 18.14-• 27.3Bi^ 19.56;: 1 1 . 7 C 
Observed 17,8;^ 17.7)^ 25.3^^ IP.7;^ 13.09;: 
I ron . Jpniple;;, : Fe K C B,-,0 
Ca l cu l a t ed fo r 
i'e [Fe(ClO^;0] 21120 36,29/^ 27.33/. 19.50/. 11.70^. 
Observed 35.8^: 25.4;^ 13.9^^ 13.2p 
I ' i tanium Co.iripl_ex ; f i Fe K G CI 
Ca lcu la t ed fo r 
•ri [?e(CK)^;0"j CI 16 .01^ 18.66;. 28.06>. 20.05^: 11.30;: 
'-'bserved I6,6^i 18.0;^ 2 7 , 6 / J 19.6;^ 1 1 , 3 / J 
L l r e c t and r e v e r s e conductonietr ic t i t r a t i o n s in the case of 
c o b a l t J n i c k e l , cadKiium, s i n e , manganese and i r on and only r e v e r s e 
conductometric t i t r a t i o n s i n t h e case of Cooper and t i t an iu ia y i e lded 
t h e Kiolar r a t i o of 1:1 (metal c n i t r o p r u s s i d e ) , fh ia r a t i o was 
confirmed in a l l cases by both d i r e c t and r e v e r s e therraometric 
t i t r a t i o n s . In the case of c o b a l t , copper and t i t a n i u m , d i r e c t 
p o t e n t i o m e t r i c t i t r a t i o n s f u r t h e r l e n t suppor t to t h e r a t i o 
determined e a r l i e r . 
Chemical a n a l y s i s showed beyond doubt t h a t t he fol lowing 
formulae should be assi:jned to t h e s e complexes: 
00 [FeCciOgl^o] 2h20 
h i [?'e(CK)^:oJ 2K2O 
od [Fe( 01051.0j 
^n [FeCCl'OgKOj gHgO 
Cu [Fe(GK)5r^0j 
Im [FeCaOs^^Oj 21I2) 
Fe [Fe( 010^:0J 2112^  
f i [Fe(Ch)5 l0] 01 
^oi thor ' s thanks a r e due to Prof . a .E . I ' i dwa i for p rov id ing 
f a c i l i t i e s i n t h e depar tment . 
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Spectrophotometric Studies on the Titanium (III) 
ghrgffftt^rgpig acid gompXg^ 
M* Mahfooz Khan and Naseer Ahmad (Department of Chemistry,Allgarh Muslim l5 i ivers i ty ,Al igarh) . 
Titanium ( I I I ) chromotropic acid i n t e r ac t ion was 
studied spectrophotometrieally* The red complex showed 
maximum absorption at 440 m^x in aqueous medium at pH 7 
and followed Lambert and Beer ' s Law in the concentration 
range of 0.666 x lO""^ 0«333 x l O " ^ * Job ' s method,molar 
and slope r a t i o methods in aqueous solut ion at pH 7 
exhib i t a r a t i o of 1*1 ( T I ^ * « l igand)* 35ie formation of 
the complex i s very much affected by the pH of the so lu t ions . 
Job ' s method at pH 1, 2 .2 , 4.4 and 5*5, yielded the r a t i o s 
of 1S2, 1»1, 1*2 and 1»3 ( T I ^ * : l i g a n d ) . The log of forma-
t ion constant and free energy of formation of the complex 
in aqueous medium at pH 7 were found to be 3.0 ± 0 . 3 and 
-4 .0 ± 0 . 4 Kcals/mole respect ive ly a t 25^0. 
The colour react ion between t i tanium ( I I I ) chloride 
and chromotropic acid (abbreviated in t h i s paper as CTA) does 
not find mention in the ex is t ing chemical l i t e r a t u r e . This 
i n t e r a c t i o n was studied spectrophotometrieally and i s being 
presented in t h i s communication. 
E X P E R I M S N T A L 
t fa ter i^ ls and Methods' 
Titanium ( I I I ) chlor ide was dissoved in a i r free 
double d i s t i l l e d water and the strength of the solution was 
determined by t i t r a t i n g against potassium permanganate. 
Since t i tanium ( i l l ) ch lor ide i s apt to hydrolyse and undergo 
atmospheric ©xidation, fresh solut ions were always prepared 
immediately before use and kept covered with a layer of 
kerosine o i l . E. Merck grade chromotropic acid sodium sa l t 
was used to prepare i t s so lu t ion . The colour less aqueous 
solut ion of chromotropic acid turns yellow on long exposures 
to l i g h t . Hence fresh solut ions^ere always used and kept in 
amber coloured b o t t l e s . 
Absorption maxima of the complex was determined by the 
7osbargh and cooper method • Optical d e n s i t i e s of solut ions 
of Titanium ( i l l ) chlor ide and complexing agent and t h e i r 
mixtures in the r a t i o of I M , 1*2, 1*3, 2si and 3«1 were 
measured with Bausch and Lomb Spectronic-20 Colorimeter a t 
wavelengths in the v i s i b l e range. The o p t i c a l dens i ty , i s 
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highest a t 350 mjou I t decreases rapidly with increase in 
wavelength, comes to a minimum a t about 390 mia and remains 
almost steady upto 600 m. except for a meagre r i s e a t 440 
(Fig. No. 1 ) . 
Table .1 . /^ max« for 1*1, 1^2 and HZ metal « dye mixtures 
a t var ious pH values were as given below* 










Lambert and Beer ' s law was found to hold good in the concentra-
t i on range of 0.666 x 10"^ 0.333 x lO""^^. 
Rg.sults aQ.! DJr.sgug.sipn 
Job ' s mathod » Solutions of t i tanium ( I I I ) chloride and the 
complexing agent were mixed in d i f ferent r a t i o s and t h e i r 
o p t i c a l dens i t i e s determined a t the corresponding maxima. The 
o p t i c a l dens i t i e s for the same concentrat ions of the complexing 
agent were a lso determined and the difference p lo t ted against 
the composition of the mixture. The r a t i o of 1 J2 (Ti^^^GTA) 
in hydrochloric and sulphuric acids of pH 1 was observed* At 
pH 2 .2 , 4.4 and 5.5 the r a t i o s of 1*1, 1*2 and 1*3 emerged 
(Pig. 3 ) . When the pH of mixtures was brought to 7 the r a t i o 
of 1 *1 was observed. 
5 
Molar r a t i o methods Titanium ( I I I ) chlor ide solut ion (4 ml. 
-2 
of 0.1 X 10 M) was taken in 12 test tubes separately to which 
varying volumes of chromotropic acid of the same concentration 
were added and the total volume made 12 ml by adding requisite 
amount of water. In another set of 12 test tubes the same 
volumes of the same chromotropic acid solution taken and the 
final volume made 12 ml with water. The optical densities 
were determined and the difference plotted against the volume 
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of chromotropic ac id . The pH of the var ious mixtures was 
brought to 7 invariably* 
In another se t , t o the constant volume of chromotropic 
acid varying volumes of t i tanium ( I I I ) chlori-de were added. 
The o p t i c a l d e n s i t i e s of these mixtures and chromotropic acid 
(4 ml GTA + 8 ml water ) were determined and the difference 
p lo t t ed against the volume of t i tanium ( I I I ) ch lo r ide . The 
r a t i o of 1*1 was observed in both the cases (F ig .4 ) . 
Slopfl r a t i o method* Titanium ( i l l ) ch lor ide solut ion ( 8 ml, 
0.5 X 10"^^ concentra t ion) was taken in 12 t e s t tubes separately 
and the varying volumes of the complexing agent added making 
the t o t a l volume cons tant , i . e . , 12 ml by adding water. 
Similar ly in 12 t e s t tubes 8 ml of chromotropic acid was taken 
and varying volumes of t i t a n i u m ( I I l ) ch lor ide added keeping 
the t o t a l volume constant as above. The pH of the solut ions 
was maintained a t 7. The op t i ca l d e n s i t i e s were measured and 
p lo t ted against the volume of the var iab le reagent* The r a t i o 
of the slopes of the two l i n e s (1*1) i s the r a t i o between the 
two reac tan t s (F ig .5 ) . 
The value of formation constant was ca lcula ted from 
Job ' s curves (Pig. 2 ) . The equation used was 
X = 
(a^-x) (bf-x) (ag-x) (b2-x) 
were a^, a^ and bi and b2 are the molar concentrat ions of 
t i tanium ( I I I ) chlor ide and chromotropic acid a t two points 
on two curves of Job ' s method, such tha t the op t i ca l density 
on these two points was the same. Consequently i t could safely 
be assumed that the quan t i t i e s of the complex formed at them 
were equal thus making the value of x the same in both the 
c a s e s . The values of log K and free energy of formation 
(AF = RT In K) were ca lcu la ted to be 3.0 ± 0 . 3 and 
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-4«0 ± 0.4 Kcals/mole respec t ive ly a t 25°C. 
The authors are thankful t o Prof. A. R. Kidwai for 
providing f a c i l i t i e s to carry out these inves t iga t ions* 
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Nitroprusside complexes of s i l ve r ( I )« Mercury ( I I ) , 
Vanadium(IV), Y t t r i um( I I I ) , Lanthanum(III), O e r i m d l l ) , 
Praseodyrniumdll), Neodymiumdll), Samarium ( I I I ) , 
Gadolinium(III) and Dysprosium(III). 
Mohd« Mahfooz Khan and Naseer Ahmad. 
Department of Chemistry, 
Aligarh Muslim University 
Aligarh, India* 
Sodium ni t ropruss ide i s well known to give Bodekar's 
reac t ion with sulphi te ions and Lyon Playfai r react ion with 
sulphide ions- I t r e ac t s with the s a l t s of cadmium, l ine and 
1 2 
n icke l • With f e r r i c sulphate and ant ipyr ine i t forms 
Fe(a^^H^2°^'^2^3 2 . Fe(CN)5N0 3 . 
This communication is in extension of our previous 
work on the nitroprusside complexes of Go(II), Ni(ll), ad(II), 
Zn(ll), Oudl), Mndl), Fe(II) and Tidll) and deals with our 
studies on the complexes of Agd), Hg(II), V(IV), Ydll), Ladll). 
Cedll), Prdll), Nddll), SmdII), Gd(III) and Dy(III) with 
ni t ropruss ide* The formation of these complexes has been 
studied in aqueous solut ion using d i r ec t and reverse conducto-
metric and in some cases d i rec t potentioraetric t i t r a t i o n s , '^ he 
complexes were i so l a t ed as p r e c i p i t a t e s from aqueous solution 
or as c r y s t a l s from solut ions in methanol and analysed. 
E X P E R I M E N T A L 
Aqueous solut ions of L a ( l I I ) , C e ( I I I ) , P r d l l ) , N d d l l ) , 
Sm(l l l ) and Y(I I I ) were prepared from t h e i r chlor ides (AE3T, 
Bombay products) , of G d d l l ) and Dy(lII ) from t h e i r oxides 
(ASST, Bombay products) by f i r s t converting them in to ch lor ides , 
of H g d l ) from i t s n i t r a t e (B.D.H., A.R.) , of Agd) from s i l ve r 
n i t r a t e (E.Merck) and of VO*"*" from ?0Gl2(B.D.H). The standard 
solut ion of s i l ve r n i t r a t e was prepared by dissolving the 
required amount of the sa l t in conduct ivi ty water* 
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The solut ion of mercuric n i t r a t e was standardized by p rec ip i t a -
4 
t ing i t as HgS and weighing i t as such • The solution of 
Vanadyl chlor ide was standardized by converting a known volume 
of i t i n to vanadate, p r ec ip i t a t i ng as mercurous vanadate, 
i gn i t i ng and weighing as VaO^.^ The strength of the ra re -ea r th 
so lu t ions was determined by p rec ip i t a t ing as oxa la tes . The 
oxalate was f i l t e r e d through a sintered g lass crucib le and 
washed well with water . The crucib le along with the prec ip i ta te 
Was placed in a beaker containing d i l u t e sulphuric acid and 
t i t r a t e d against standard permanganate so lu t ion" . 
Direct sind reverse conductometrlc t i t r a t i o n s were 
performed using solut ions of metal s a l t s and n i t ropruss ide in 
conduct ivi ty water . For measuring conduct ivi ty P h i l i p s ' 
Conductivity Bridge PR model 9500 was used (Fig.NOs. 1,2,&3). 
The potentiometric t i t r a t i o n s were performed with 
the help of a Tinsley potentiometer using a lamp and scale 
o u t f i t . Only d i rec t t i t r a t i o n s in the cases of Ag,Hg,La,and 
Ge could y ie ld any r e s u l t s . (Fig.No.4). 
The s i lve r n i t ropruss ide complex was obtained as a 
p r e c i p i t a t e on mixing the aqueous solut ions of s i l ve r n i t r a t e 
and sodium n i t ropruss ide in the molar r a t i o of 2*1. The 
p r ec ip i t a t e was centr ifuged, washed once with water and then 
repeatedly with 50^ ethanol t i l l the cent r i fugate was free 
from metal s a l t and n i t r op rus s ide . The p rec ip i t a t e was dried 
in a vacuum desiccator over quicklime for several days. The 
p r e c i p i t a t e of mercury complex was obtained by heating the 
two reac tan t s in the molar r a t i o of 1«1 in methanolic solut ion. 
The p r e c i p i t a t e was washed with methanol. Gadolinium and 
Dysprosium chlor ides and vanadyl chlor ide gave p rec ip i t a t e s with 
sodium ni t ropruss ide in methanol in cold . Chlorides of yt t r ium, 
lanthanum, cerium, praseodymium, neodymium and samarium in 
methanol were mixed with sodium n i t ropruss ide in the same 
solvent in the molar r a t i o of 1M and heated on a water bath 
for about half an hour when shining small needle shaped 
c r y s t a l s were produced. The c r y s t a l s were washed with methanol 
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and dried in a vacuum desiccator• The colour of vanadium 
complex in the wet state was green which changed to black 
on drying • The colour of the rest of the complexes in the 
wet state was almost pink. On drying the colour of the 
complexes of silver, mercury, praseodymium, gadolinium and 
dysprosium became light pink, of neodymium pink, of lanthanum 
and yttrium dirty pink, of cerium dark pink and of samarium 
light brown. 
For analysis, a weighed quantity of the complex 
was fused with fusion mixture in a platinum crucible and 
dissolved in dilute nitric or some other acid. 
Prom the solution of the fused complex in dilute 
nitric acid, silver was separated and estimated as AgCl and 
Iron was determined as ferric hydroxide. 
The mercury nitroprusside complex was fussed and 
dissolved in dilute hydrochloric acid from which mercury was 
4 
separated as sulphide and iron was estimated as ferric 
hydroxide from the filtrate. 
From the solution of fused vanadium nitroprusside 
complex in dilute nitric acid, iron was first separated as 
7 hydroxide with caustic aoda and then vanadium estimated 
from the filtrate as V2^5* 
The complexes of Y, La, Ge, Pr, Nd, Sm, Gd, and 
Dy were likewise fused and dissolved in dilute hydrochloric 
acid. The rare-earth elements were precipitated as oxalates 
with the help of ammonium oxalate, at a pH of 3-4 adjusted 
with the help of Bromothymol blue indicator. Iron was later 
on precipitated as hydroxide after destroying oxalate. 
For the estimation of chloride, separate samples 
were used. The weighed amouQt of the complex was taken in 
a platinum crucible, carefully covered with fusion mixture 
and gently fused. The fused mass was dissolved in dilute 
nitric acid and chloride estimated as silver chloride. 
For the determination of water, a weighed quantity 
of the complex was heated to 80 C in an oven, dried in a 
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vacuuBi d e s i c c a t o r ove r fused ca lc ju in c b l c i i d e f o r t j )vera l 
hourf^ arc' revveighed. Microi^iiialysis fox Lho ('eic;r;'::i"if;ticn of 
cnr1)on, hyCrogen and n i t r o^ ; eu *'as clotie l y K l i c r o e n a l y t i c a l 
S e r v i c e , i.lollourxxe, A u s t r a l i a . 
RESULTS AKL i;i£ CUSHION 
The d i r e c t anrl r e v e r s e conduc to i i i e t r i c Li tr<itio;i t . g;iv8 
e v i d e n c e f o r the f o r m a t i o n of complexes i n the r . i t i o of 1:1 
w i t h a l l t h e e l e v e n me ta l i o a t . . There v.at a I^OQII l i i i ^ i ca t ion 
of t h e fo r rua t ion of conploxef. i n tlie r a t i o of 2 : 3 (cietr i :;ii t ro -
prusfc ide) w i th l a n t h a n u n , ceri iud an(^ prnseouyiiiium. In t h e 
c a s e of s i i l v e i , i n f l e c t i c > n p o i n t s were ol se rved - t a n o l a r 
r a t i o of ? : 1 ( A g : n i t r o p r u S i . i d e ) i n tlio c u r v e s of contTuetGinetri 
t i t r a t i o n s . i ' o t e n t i o m e t r i c t i t r a t i o n r confiriLed t l i t r a t i o 
f o r b i l v e r complex and y i e l d e d tJie r a t i o of 1:1 f o r t h e 
complexefc of rue rcury , ceriui:! aad l a n t h a n u u i . 
The f o l l o w i n g a r e the r e b u l t s of a n a l y s i s : 
(1) S i l v e r Com plea: : 
Ag Fe N C II IL,0 
C a l c u l a t e d f o r 
Ago [Fe(CN), ,N0) 2Ii,-.0 46,07% 11.93f^ 17,967^ 12^S3> O.SSf* 7.70'^ 
Ohi^erved 45,76yt 12.01>i 19 ,10> - 0 . 6 7 ^ 7.9S;I 
(2) .uorcury C o a p l e x ; 
Hg Fe N C F K,,0 
Calculated for 
Hg [Fe(CN)g NO ] 2H2O f4,32^c 1 2 . 3 3 ^ l S , o 7 > i3.26>^ 0,89:^ 7,95;^ 
Observed 44.45>^ 12.297^ 18.54ft - O.Oi:' 3.Ci>; 
(3) Vanadiua Gomplex; 
V Fe N C H 
C a l c u l a t e d f o r 
V o [ F e ( C N ) j . NoJ 2IlgOH 14.67% 1G,08% 24,22% 24.22% 2.nn% 
Ofcfcerved 15.02% 17.00% 21^,05% - 3.20% 
i^) y t t r i u m Complex; 
Y Fe N C H CI 
C a l c u l a t e d f o r 
Y [Fe(CN)^ NOJCI.2CH3OH 22 .0 l f i 13.80% 20,7Sfo 20.78% 1.98% 8.77^. 
Observed 21.99-% 14,01% 21.81% 19.82% 2,31% S.00% 
(5 ) Lanthanum Cora pi e x ; 
La Fe N C H C] 
C a l c u l a t e d f o r 
La [Fe(CN)gNO] Cl.2CHgOH 30,58% 12.28% 18.49% 18,40% 1,7G% T.BlyJ 
Observed 30 .43% 12.80% 18,88% 17,99% 2.06% 7.36:1 
( G ) Ceriuin CoEsplex; 
Ce Fe N C n CI 
C a l c u l a t e d f o r 
Ce [Fe(CK)gN0]C1.2CHg0H 30,76% 12,25% 18.44% 18,44% 1,75% 7.79% 
Observed 2 8 . 8 1 % 13,80% 19,80% 17,34% 2.26% 6,02% 
i'^) Praseodymium Complex; 
Pr Fe N C H Cl 
C a l c u l a t e d f o r 
Pr [Fe{CN)j ,N0jc i .2Cng0n 30.87% 12.22% 18.42% 18,42% 1.75% 7.78% 
Observed 26.99% 12.28% 19,77% 16,88% 1.85% 6.99% 
(S) NeodyBiium Complex; 
Nd Fe N C II Cl 
C a l c u l a t e d f o r 
Nd fFe (CN)gN0j Cl ,2Cng0n 31,38% 12.12% 18.28% 18.28% i . 7 1 % 7.72% 
Observed 31,53% 12.01% 18.43% 17,30% 2.00% 6.69% 
(9) Samarium Complex; 
Sffi Fe N C H Cl 
C a l c u l a t e d f o r 
Sm [Fe(CN)gN0jC1.2CHg0H 32.28% 11.98% 18,04% 18.04% 1,71% 7.62% 
Observed 3 0 , 9 1 % 11,43% 19,21% 17,64% 2,00% 6.51% 
( iO) Gadol in ium Complex; 
Gd Fe N C H Cl 
C a l c u l a t e d f o r 
Gd [Fe(CN)5NGjC1.2CH30H 33,27% 11.80% 17.77% 17.77% 1.69% 7.51% 
Observed 32,98% 12,00% 18,71% 18.37% 1.83% 6.80% 
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(11^) l^yspi^osluffi Complex; 
C a l c u l a t e d f o r By Fe N C H Cl 
Ly(>e(CN)5N0]ci .2CHg0H 34,01?^ 11.67% 17.59^^ 17.595^ 1,677^ 1 .A^h 
Observed 33.28^c 10,98';^ iS.OSft 17,93fi 1.93>o 6.98fe 
The ivollov.ing fo rmu lae may be a s t i p n e c l to t h e s e complexes 
i n aqueous s o l u t i o n and i n t h e f'ry t t a t e . 




ii [Pe ( CxN) ^ NOj C l . 2 CHg OH 
where lu &tafidfc f o r Y, La , 
Ce, P r , No, tm, Gd and Dy, 
i n aqueous niedium 





Vvhere M s t a n d s f o r Y,La 
C e , P r , Nd, Sra, Gd and Ly. 
M '2 [FC3 {CN) ^NOj g . XHgO 
v.heie IV s tandi- for La,Ce 
and F r , 
A u t h o r s * thonkt, a r e due to F r o " . A . i i , Kldv/ai f o r 
p r o v i d i a g f a c i l i t i e s i n t he d e p a r t i a e n t . 
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S U M M A R Y 
Sodium ni t ropruss ide forms complexes with s i lve r ( I ) , 
merOury (II)» vanadium (17), and t r i v a l e n t y t t r ium, lanthanum, 
cerium, praseodymium, neodymium, snarium, gadolinium and 
dysprosium. These i n t e r ac t i ons were studied using d i rec t and 
reverse conductometric and in some cases d i rec t potentiomatric 
t i t r a t i o n s . The complexes were i so la ted in the solid s ta te and 
analysed for 0 , N, H, Gl, HgO, ?e and the metal forming the 
complexes with n i t rop russ ide . The complexes were found to have 
the formulae in aqueous and in the dry s t a t e . 
in the dired s ta te in aqueous medium. 
Ag2ye (CN)5 NoJ. SHgO . NaAg[FQ CaN)5No3. XH2O. 
Ag2lFe(aN)5No]XHpO 
Hg\Pe (clOgNo]. 2H2O Hg[Pe (GIO5N0J. XR^O* 
Y 0 [ F 8 (aN)5No]. 2CH3OH VO[Fe (GN)5N0). XH2O. 
M[Fe (GN)5No). SOHgOH M[Pe (GN)5NOJG1. XHgO. 
M2[Fe (GN)5NOJ3. XHgO. 
I «i 
Where M &M stand for Y,la,Ga,Pr,Nd,Sm,Gd, & Dy, and Mg for 
La, Ge, and Pr. 
